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REAUTHORIZATION OF THE NATIONAL SCIENCE
FOUNDATION, 1985 - .

WEDNESDAY, APRIL 4, 1984

... U.S. SENATE,
CoMMITTEE ON LABOR AND HUMAY RESOURCES,
r Washington, DC.

The committeé\met, pursuant to notice, at 10:10 a.m., in room
SD-430, Ditksen Senate Office Building, Senator Orrin Hatch
(chairman of the committee) presiding. ‘
. Present: Senators Hatch, Quayle, and Pell.

OPENING STATEMEN‘I‘ OF SENATOR HATCH

The. CHAIRMAN. | am pleased to welcome everyone to this hear-
ini, examining the National Science Fouyndation find its research
* achievements. It is NSF's mission+o support the most promising
basic and applied research in all stientific disciplines. The success
of this mission is critical to the overall best interests of America's
long-term economic growth, protection of our international com-
petitive position, our national security, and the prospects for genu-
ine and lasting peace. . ,

We can all appreciate the advances that have been made in med-
icine, space science, and consumer. technologies. Less apparent are
the dedicated efforts of basic researchers to discover the‘new, fun-
damental knowledge which makes possible these well-publicfed
bregkthroughs. ~ ' i
. The distinguished scientists we have with us this morning are

ioneers in this national search for scientific informgtion, and on

half of the committee I want to thank tivem ‘for thel&'
to share their research with us this mgrning. _ "

The administratjon’s bug%et request for the National Science
Foundation is $1.5 billion. This is an increase of 13.6 .percent over
the fiscal year 1984 budget. I am delighted, though not surprised.

- by President Reagan’s commitment to our shared belief in the po-

sential of American science and engin’eering. Specifically, I am

pleased to confirm the administration’s support for increases in the
target expenditures for instrumentation and equipment, science
and engineering education, engineering research, and advanced sci-
entific computing. )

We expect to learn from our witnﬁ} J:rmentations this morning-

how all of these new technolpgies veloped by the creativity
and perseverance of our Nation's scientists and engineers in- the
pursuit of quality research. ] am pleased to welcome these distin-
guished researchers to our hearing this morning. The projects you
~ - mn

’
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are going to digfss with- us, of course, represent, highlights of the
. research supported by the National Science Fqundation, and I am

looking forward to these presentations outlining.the specific re-
search NSF has funded with the appropriations authorized by this
Jcommittee. : . T ' ]

-We are happy to have all of you here this mérning. Let us intro-
duce you. We have foyr NSF-supported reSearch scientists. Our
first will be Dr. Jim Di.&s' of the Department of Psychology at the -
University of Washington, in Seattle, WA, on developmenta} psy- °
chology, brain growth research, funded by the minority research
initistion program. Second, we will call on Dr. John Knauss, who is'
dean of the Graduate School of Ocean S#gnces at the University of
Rhode Island, Narragansett, RI. He will discuss oceanography and
the R/V Endeavor, ‘supported by the Ocean Sciences Program.
Third, we will hear fro Dr. Laurence Strong, who is from the De-
partment of Chemistryfat Earlham College in Richmond, IN. He
will talk about chemighl jnstrumentation which is funded by the
support for predominalaitly undergraduate institutions program. Fi-
nally, Dr. Richard O. Chaus, who is with-the College of Engineering
at the Virginia Polytechnic and State University, in Blacksburg, .
VA. He will be discussing engineering, fiber optics in particular, °
which is funded by the Electrical, Computer, and Systems.Engi-
. neering Program. ) .
- We wil| start with you, Dr. Diaz, and go from there. Thank you

for being with us. But first, we will insert for the record a state-
"~ ment by Dr. Edward A. Knapp, Director, National Science Founda-
tion.’ : o

[The prepared statement of Dr: Knapp follows:]
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Mr. CuatrMan anD MENBERS O-Ffﬂ‘m CommiTiee:

| APPRECIATE THE OPPORTUNITY TOQ .SUBMIT

K- STATEMENT FOR THE
_ RECORD ON THE. Anmnsnnn'on's FY 1985 Bubeet REQUEST FOR THE
NatiomaL: SCTENCE FOUNDAT LON. ) T
- . ’ . . . t | .

[ WILL WIGHLIGHT THREE INITIATIVES WE ARE PROPOSING IN FY
1985 (1) THE BEGINNING OF consn,qcnov'c onaJHE VERY Lowg
BaseLine Armay, (VLBA); (2) AN EXPANSION OF 'SUPPORT °OF con'pu_tea

NETWORKING AND RESEARCH TIME ON SUPERCOMPUTERS, AND (3) A NEW

. .

PROGRAM TO ESTABLISH CROSS‘DISC.IPLIIAR‘RESEAR&:H CENTERS [N,
L]

ENGINEERING- | WILL CONCLUDE WITH A BRIEF DISCUSSION OF OUR

o . PLANS FOR PRE-COLLEGE SCIENCE AND ENGINEERING EDUCATION.

» +

PO T

. Our BUDGET REQUEST FOR FY 1985 1s $1.5 BILLION, AN INCREASE
oOF 13.6 PERCENT apove FY 1984. Tuis YoraL imcLupes $1.3 BriLLiow
FOR m:\assencu AND RELATED ACTIVITIES; $76 MILLION FOR, SCIENCE
"AND ENGINEERING EDUCATION; $115 Niuriow POR THE U.S. ANTARCTIC

¥
Program; AND $2.8 MILLION FOR FOREIGN CURRENCY.

. i
.

THIS PROPOSED BUDGET REFLFCTS .THE ADMINISTRATION'S DEEP
) . .

¢

COMMITMENT T0O EXCELLENCE IN OUR 2UNTRY'S PURSUIT OF SCIENTIFIC

\
AND TECHNOLOGICAL ACHIFVEMENTS A IN THE TRAINING OF QUR FUTURE
L L]

- . S
SCIENTISTS AND FNGINEERS- [T ALSO REFLECTS m} VERY, (STRONG * «

»
" . I

Q o . - N 7 | ‘ ' ‘
ERIC - -

. M .
- ‘
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SUPPORT wHICH YHE FOUNDATION'S Pgdsnans RECEIVED FRON THIS . .
COMMITIEE AND THE COMGRESS LAST YEAR. 'THE PROGRAYgy THAT THIS
PROPOSED BUDGET WILL 'SUPPORT IS STRONG AND WELL-BALANCED. 11
. \ PROVIDES FUR SOME VERY EXCITING BASIC RESEARCH, WITH EMPHASIS ON
' ARERS THAY 'é(.)N‘lRf‘BUT‘E NOST TO OUR CONTINUED ECONOMIC WELL-BEING
AND TECHNOLOGICAL CAPABILITIES. LET ME DESCRIBE SONE MIGHLIGHTS
OF OuR pLANS FOR FY 19R5. . -
' . ]
0 OVERALL EMPHASIS ON ENG INEERING AND THE PHYSICAL SCIENCES
CONTINUES, WITH SPECIAL ATTENTION To MATHEMATICS,
' _ COMPUTER RESEARCH, nscnnmgn’t. ELECTRICAL AND  COMPUTER
ENGINEBRING, ASTRONONY “AND' THE EARTH SCIENCES-

- . « . *

O WITHIN THE BIOLOGICAL SCIENCES, WE WILL CONTINUE TO GIVE

PRIGRITY TO RESEARCH ON PLANT BIoLOGY. WORK I THIS

SCIENTIFICALLY AND ECONONICALLY TMPORTANT AREA WILL

INCLUDE SUCH TOPICS AS THE COVERSION DF SOLAR ENERGY 10

CHEMICAL ENERGY BY PLANTS; NITROGEN FIXATION; AND THE

REGENERATION OF PLANTS FROM A SINGLE CELL-

* )

O WE WILL "INITIATE A NEW RESEARCH THRUST INVOLVING OUR
PROGRAMS [N CHEMISTRY, AND THE BIOLOGICAL SCIENCES T0
INVESTIGATE THME CHEMISTRY os 41re ProcESS.  Sucw
FUNDAMENTAL WORK IS ESSENTIAL FOR THE DEVELOPMENT OF

BIOTECHNDLOS!FS RELATED YO MEDICINE AND AGRICUL TURE -

L]

-

O
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WITHIN THE EARTH SCIENCES, WE WILL PLACE AN 1#CREASED
snpms:; ON STUDIES OF ws‘conunemu't.l{gospnsne TQ
nohos A rossisle BASIS FOR FUJURE chnuenun
7 SCIENTIFJC unru.ncs-. . S

.

\ 4
°. .

e ARE REQUESTING $27.6 mILLION FOR OUR Ocean anu.ws
PﬂOGRM tn FY 1985, witw An'onlonm. FOREIGN CONTR[BUT IONS
OF ABOUT $10.0 MILLION. A LEASE FOR A LARGE, MODERN
muu.smp WAS RECENTLY SIGNED wivw SEDCO, INc., awp we
WILL BEGIN MODIF ICATIONS FOR scleunng'nmu.ms ATER N
THE vsnn- THE FIRSY DRILLING LEG IS PLANNED TO /START IN

Jauunv,p' 1985. - . . ',

.

‘ 1]
WE WILL INCREASE SUPPORT FOR RESEARCH AT. PREDOM)NANTLY
URDERGRADUATE INSTITUTIONS BY OVER .15 .PERCENY. THESsE
INSTITUTTONS PROVIDE UNDERGRADUATE TRAINLNG FOR MANY OF

OuR NATION'S FUTURE SCIENTISTS AND ENGINEERS:

In THe " U.S. Ar{uecnc PROGRAM, WE WILL CONTINUE <TO
RESTORE o: REPLACE OBSOLEYE FACILITIES, P.Anu,gt.nunu AT

]Hcﬂunno Station. HAJon CONSTRUCTION PROJECTS STARTED (N
PRIOR YEARS WILL connu*e, ARD THE SALY WATER DISTILLA:
ndn Puun SHOULD BE COMPLETE AND OPERATING lN FY 1985

v

1]

OurR PLANS TO INSTITUTE A SERVICE LIFE EXTENSION PROGRAM

“FOR OUR LC~130 ATRCRAFY . WERE' DELAYED BY MAJOR CONTRACT

"MEGOTIATION PRORLEMS RETWEEN THE DeparTMENT of, DeFense

L.
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AND PRIVATE CONTRACTORS . WE ARE INVESTIGATING ALTERNA-

TIVES FOR COMPLETING THE SERVlCé LIFE EXTENSION OQ THESE

-

CRITICAL AIRCRAFT. '

- . .

WE wiLL INCREASE SUPPORT OF INTERNATONAL SCIENTIFIC
ACTIVITIES IN THE FOUNDATION'S RESEARCH PROGRANS AND WILL
GIVE SPECIAL e‘npung‘is 1o n_unsna;cce OF  PROGRAMS W[TH
CHINA, SUB-SANARA, AFRICA, AND LATIN AMERICA-

¢ T » . R

WE WILL INITIATE A NEW PROGRAN YO ASSIST WOMEN SCIENTISTS

AND ENSINEERS, WHOSE CAREPRS HAVE BEEN INTERRUPTED, 10
RESUME THEIR  RESEARCH ACTIVITIES AND ALSO PROVIDE
RESEARCH !uliqaxlou GRANTS 70 -WOMEN SCYENTISTS AND
ENG INEERS .

r - | , A ’
FOR THE FOURTH YEAR 1IN A ROW WE ARE PLACING A HIGH
PRIORITY ON SCIENTIFIC RESEARCH INSTRUMENTATION. We
ESTIMATE THAT . TOTAL SUPPORT OF [NSTRUMENTATION® AND
FACILITIES WILL REACH $237.0 miLL1ON, AN INCREASE ofF 20.3 -
PERCENT over FY 1984. Twe DOLLARS wHicH NSF Puts Into
INSTRUMENTS AND FACILITIES HAVE A VERY SIGNIFICANT
"MULTIPLIER EFFECT,” BENEFITING MANY MORE sclﬁmsrs,

ENG I NEERS. AND GRADUATE STUDENTS THAN JU§T THOSE RECEIVING

. DIRECT SUPPORT THROUGH GRANTS.



"0 WE witt BE SUPPORTING OVER 11,000 GRADUATE STUDENTS ON

N

NSF craNTS FOR A TOTAL OF $103 miLLion. Teis IS AN
rvgcnéass OF 16 PERCENT ovER FY 1984.  Twere wiLL BE 550
. NEW NSF, GRADUATE FELLOWSHIPS NEXT Qega FOR A TOTAL OF
© " “approximaTEL? 1,550. We WILL INCREASE THE ANNUAL STIPEND -
-  ¢ron $8,100 fo $9,000.~ ,
o a v .
0 WE<wiLL SUPPORT AN ADDITIONAL 200 YOUNG SCIENTISTS AND.
ENSINEERS TNROUGH me"Pnesmsn\nAL'Youus' INVESTIGATOR
AWARDS PROGRAM, BRINSING _IHE ToTAL To 40D Iw FY 1985.°
‘an MATCHING FUNDS  FROM [NDUSTRY, 'wes‘s AWARDS WILL
ENCOURAGE PROMISING YOUNG PEOPLE TO REMAIN IN Ac’nbsm,r, -
cnssqs&o TRAIN FUTURE ssnsaartou;zos SCIENTISTS AND

ENGINEERS .

~

¥

In‘ THESE AND OTHER wAYS NSF ACTIVITIES CONTRIBUTE nmscitv 10 ‘
THE QUALITY OF EDUCATION IN OUR COLLEGES AND UNIVERSITIES.
ﬁ lynesn, l~lEL~!EVE! THAT VIRTUALLY OUR ENTIRE BUDGET HAS A
SIGNIFICANT . IMPACT ON THE QUALITY OF SCIENCE AND ENGINEERING
EDUCATION IN THIS COUNTRY!. - . -~
‘0 OwLy 4:7 Pemcewt oF oOUR REQUEST. A ToTAL of $70.9
MILLION, WILL BE REQUIRED TO SUPPORT OUR STAFF, CENTRAL
SUPPORT SERVICES, MANAGEMENT INFORMATION sysTems '(M]S),
TRAVEL AND USE OF CONSULTANTS IN FY 1985. ¢ OUR FulL-TImME
EQUIVALENT eﬁnomen,‘m’xcu HAS DECLINED BY 8. PERCENT

since EY 1982, wiLe memain AT 4,104 §8 FY 1994. Wit THe

‘ \
’




REORGANIZAT [ON m'lcic. I Aunduicen in Octpeer, 1983, [
EXPECT 10 IMCREASE OUR  STAFFING' IN SCIENCE AND
ENGINEERING  EDUCATION AND MEET THE EXPANDED
RESPONSIBILITIES GIVEN T0 Us BY THE Cousness- WE ARE
. REQUESTiNG A 16 PERCENT INCREASE IN STAFF AND CONSULTANT
TRAVEL mmunuy TO SUPPORT - OUR EXPANDED PROGRAMMATIC
RESPONSIBIRITIES IN EDUCATION AND  OUR noposen,
fununves. OUR TRAVEL KIMITATION -HAS REMAINED LEVEL

4
FOR IHE PAST Two JEARS . N

» i s " [whf/

FrwaLLy, Tue u'eougnsb INCREASE FOR DATA PROCESSING
-sautmem. in FY 1985 -1s LARGELY OFFSET BY ECONOMIES WE
/ HAVE REALIZED ELSEWNERE, 3(; THAT n’? T:T'IAL COST -OF OUR
IS 15 only SLIGHTLY MORE nmc 17 s 1w FY 1982. By 1he -
e of FY 1985, we wiLL HAVE COMPLETED OUR TRANSITION TO
A NEW DAYA PROCESSING ENVIROWMENT-  THIS  wiLL
SUBSTANTIALLY INCREASE TME EFFICIENCY Aun_slsrecnveu‘s'ss

-

OF OUR STAFF.

L4

LY

ONE OF THE MIGHLIGHTS OF our FY 1985 BupeeT REQuesT 1s our
- ) )
PROPOSAL 70O BEGIN CONSTRUCTION OF THE VERY LONG BASELINE ArRfAY ,
FOR WHICH WE ARE REQUESTING $15.0 miLLION.

’ -
o
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Tms RADJO VELESCD'PE s 'ms r'q} PRIORITY msmmsm-soa

‘

emunrnsen ASTRONONY ﬂecomennen By THE lm:om. ACADEMY OF
Sctsm:es?lnqont. Reseaagw Couucn Asnouomcm. Sunvsv Comunee
™ Juunv, 1982- Euuu uscmucu swlfle( OUTLINED RIT:
» SGLENTIF1C WEED AND conceva. mxsu _FOR SUCH AN INSTRUMENT. As
YOU  KNOW, our _PY 4984 smm m:wnss 82 S MILLION FOR nnsmu

F ol .

AHD IIS‘IRUHENT DESSSN AQQ ﬁtfi SELECTION STUDIES 'HIGH ARE'UEING

DONE BY THE Jhnou;. Mlo Asvmuonv mseavnon (IRAD). THESE .
e
nesum, "afD sue swoxes wiLL ‘PROVIDE THE' BAS!S FOR ms

-cousnucnoﬁ 10 REGIN N A ,umv FASHION IN FY 1985~ .
. . * .- ‘ B . . . * _l
~ - - r ‘.

» i + . - R .
Our. ProJecT stec.omnn PLan hs ,SUBMITTED ' To THE NATIONAL
Sciguce Boarp w FEBRUARY: 19{5, Ann M _THEIR ENDORSEMENT 1T

valngs THE us:s FOR QUR F\“ IQS REQUEST.' THE ToTAL cousuuc-

non cosrs, m +FY 198} nouns, ARE ESTIMATED AY $68.0 MILLION. )
Opegnnon .oF. mix or ms A.ar\u cout:n BEGIN AS EARLY AS FY 1987 a1
Y ennnis ‘CosT. olf i\a_om $2.0 MILLION PER YEAR wnn FULL ARRAY

. i oA .

{§ F\‘.. }988 n ABOUT SS-O niLLION PER YEAHR .

e
’ "‘ .. N B . . .
g . .
N '_‘\. ‘,' . - . . .
. CR N A L . . o, .
. ‘ ‘. e e * . .=
.

. [ = . . .. L4 ot

‘v'tn NE uon .YORN T0 A msrsaém BUY eoum.u cuaueusncs AREA

OF SCIENCE: Ao.vmcso Scunnnc Coowums-
% -

? LI

. .
.

IAst Mav, PARTICIPANTS IN- AN NSF WorxsSHOP REPRESENTING A wwe
SPECTRUM OF mscm.xuss Fnon ACADEH!A, " {NDUSTRY, AND sovsnmsvn

v
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RESEARCH LABS. ERE mzin 10, cmmu ?ﬁsmm. REQUIREMENTS 1IN
FOUR AREAS: § ' ' . . . A
0 LARGE-SCALE CAPACITY; .
. ‘ . N ” |
' -~ . -
0 NEW COMPUTING CAPABILITY S .
° ‘ n. . C e P
e / , SR .
"0 LOCAL FACILITIES] AND ~*
- - ' e,
- ) s . . ) '} .
0 NETWORKS o » . .
L3 , s . A “ ‘ ‘ -

. Al

THERE waAS vumuu.v unumdus Aensensn THAT lnronuin

SCI!ICE Is IOY*IEING BOIE IECAUSE ACADEH!C SCI!ITISYS AND ,

',‘SHOP PAIY!CIPAIYS 'M.SO RECOGIIZ!Q A Kinp OF “cHicken AID eec” l

ENGIIEE!S MVG LIHITEQ _ACCESS ¥0 CG!P([‘IAHOIM. RESOURCES - bll‘.

PROBLEM ! me NEEDS FOR ACCESS 10 swencouruvens IN A wmnv of
DISCIPLIRES ARE WOT WELL SPECIFIED OR _UNDERSTOOD, YET IT 18
LIKELY THAT THEY WILL WEVER BE IDEWTIFIED FULLY UNTIC SCPENTISTS
HAVE MUCH BETTER ACCESS THAN n_; PRESENT . .

‘ . .
» * . .
: . o~ :

!l MANY CASES THE lCADEHIC SCIEI‘”FLC AID EIGIHEEHING

; COMMUNITY WILL BE LEARNING AND EXPLONNS DURIIG THE EARLY STAGES .

OF ANY SUPERCOHPUYER PROGRM, llVElﬂllG HEW IDEAS AND lﬁDEFllllB
OLD ONES AS TMEY IRTERACT I”H EACH OTHER AID AS THE\’ USE AND
DEVELOP SUPERCOHPU"ER SOFTNARE AND NAREUARE- AS THIS" LEARNING
AND EXPLORIIG PROCEEDS, YHE NEED FOR LARGE-SCALE COMPUTING

CAPACITY 1N UNTVERSITIES WILL GROW sussnm’m.u- GIVEN THE RATE



AT WHICH SUCN TECHNOLOGY IMPROVES AND CHANGES, OPENING UP STIOL -

NEX - OPPORTUNITIES 'fon"exuonuou, WE- MAY NEVER CATCH uUP. In
-

ucv. IF WE ARE DOING THINGS RIGHT, WE SHOULD NEVER CATCH UP WITH '

e ues‘! : ) "; ' \ .

iousuor mnicwmns ALSO asaezﬂ mn LoCAL. NCILHIES musy
e | BE, élsnlncauuv ENHANCED FOR & uuncen nssronse YO THESE NEY
CONPUTAT 1ONAL - o»onunnss. .Sun’sconruvp ACCESS SHOULD ns".
"MANAGED As A SCARCE RESOURCE,. AND 4NY CALCULATION NOT hounmoe

ADVAICSD CM’ABIL!‘I\' SNOULQ IE PERFORMED ON SHALLER
. 1}

CMPU‘IERS- J!qs. SCIENTIFLC CM’CUtAYIOIS WILL NOT, IEOUI!E

SUPERCOMPUTERS:. ‘ i ' . .'
‘Jr'l . . .

‘J—

FimaLLY, woRK3WOP p‘uncnnuis AGREED' THAT SUBSTARTIALLY
ENHANCED sctsnnnc NETWORKS n.muls ANy DIVERSE RESEARCH

§ CoOMmUNITIES TO. eacn OTHER AND TO, conmunov;n FACILITIES ARE
. EXTREMELY IMPORTANT. FOR ONE m:us. AN s"ecnve COMMUNICATIONS

. NETWORK WILL }cmmas- THE BROAD sm\nm OF IDEAS AND exreuencts
.mons NESEARCHERS AND NELP OVERCONE SONE OF THE FRAGMENTATION
-'\Imcw PRESENTLY EXISTS. [18 uvsnomsm, IN CONJUNCTION WITH THE
- GROWTH OF SUPERCOMPUTER CAPABILITY, WILL PUSH THE STATE-OF-THE-
_ ARY in” SOFTWARE, nn)onx nesteu,vq:mem, AND NETWORK MANAGE-

3]

MENT AND 6IVE RISE T0 NEW, CTED DISCOVERIES.: THESE

. ' ! ' .

_DISCOVERIES llLl' BE USED TO DES!IGN FUTURE COMPUTATIONAL SYSTEMS °*
WELL .BEYOND OUR CAPABILITIES TODAY. COMPUTER NETWORKS, FROPERLY

DESIGNED AND HANAGED. VILL BRING ABOU'I EFFICIENT, RE O;IE ACCESS
T0 THESE SCARCE COMPUTATIONAL RESOURCES- THESE 7 € 1NINGS$ILL

SUBSTANT IALLY ENNANGE THE FOUNDATION’S INVESTMENT.

. .J




In FY 1988, aun. rinst ORDER OF BUSINESS 1S To ARRANGE FOR
LARGE BLOCKS OF TIME AT EXISTING COMPUTATIONAL SITES For NSF-
snauvess WHOSE nsssngcu'wlLL BENEF1T. FROM SUCH Acéess- WE Have
SEY AS!DE up 10 $6.0 MILLION FOR THIS PURPOSE SO THAT COMPUTER
SERVICE CAN BE MADE AVAILABLE 10 SCIENTISTS AND suelNEEﬂs N ALL
1»& nxsc:rtrnss REPRESENTED IN THE NSF.

-

In. THE FALL OF 1983, THE FouNDAT 1o ISSUED A SOLICITATION
INVITING PROPOSALS WHICH OFFERED BLOCKS OF TIME FOR VSE BY NSF
RESEARCHERS . Ssqsu COMPETITYVE PROPOSALS WERE RECEIVED AND WAVE
ses& xsvteusn BY THE NSF STAFF AND THE NEW - -ADV{SORY COMMITTEE AT
118 Frnsv HEEYING-. WE EXPECT 10 MAKE A .DECISION SOMETINE LATEN

NS Srnxus.~ THE PLAn ‘tf 10 ARRANGE FOR UP 1D THE EOUIVALEII OF

ONE SUPERCOMPUTER FOR USE \gY RSSEA'CI{EIS-

NE ARE REQUESTING $20.0 HILLIOI ron THE TOTAL raosnun in FY'

1985 WHILE OUR PEANS ARE STILL EYOLVING, WE ANTICIPATE USING up
. TO WALF OF THIS AMOUNT FOR SUPERCONPUTER-ACCESS BY RESEACHERS «

WE PLAN 1O ImITIATE AN ADDH!O'I‘AL' PHASE OF OUR'LOIB"RMOGE‘

’ Paosnnn BY THE ewD oF FY 1984 w:va THE SELECTION OF A "SCIENTIFIC

AID TECHNICAL QREANIZATION TO- HAIAGE THE DESIGN: DEVELOPMENT, ‘AND

EVENTUAL IMPLEMENTATION OF A nen melmm_ugmm.

MNETWORK WiILL EPFICIENTLY LINK RESEARCHERS WITH EACH OTHER AND

HIS

WITH EXISYINGA AND .EN. SUPEH&OHPUTER CENTERS AND THEIR TRAINER
' . : .

STAFFS. UNTIL THis NEIWORK IS COMPLETE, OR AT LEAST FAIRLY FAR
\ : ‘

s



‘

”~

. .- : . ' )

"H.ONG, REMOTE ACCESS WILL BE L}ﬂl-'lED 10 RELATIVELV SLOW TELEPHONE -

LINES, Aun MANY tnvssnsnon WILL HAVE TO BE ON SITE IN onnsﬁo
connucv mzm RESEARCH « w: WILL PROVADE SUPPORT FOR THE nmm.
STAGES OF .THIS NEIWORK, ABout $5.0 meLLiON, FROM Our FY 1985

_ Reauest . _ S :

\‘_

- Momsw 35-0 MILLION WILL BE USED T0° PROVIDE LOCAL EQUIPMENT

" NEEDED T0 ACCESS THE Computaviona. NEINORK AND To wpon

EXPERIMENTS WLTH BROAD-BAND COMMINICAT rqus .
e .
BereEwDING ON THE FINAL COST' OF ~THE BLOCKS OFw TINE WHICH WE
Puncm\sz INn FY 1984 Mm/f\'-1985. wé MAY "HAVE SUFF ICIENT RESOURCES
WLTHIN our REQUEST 10 CONSIDER THE lnnm. PHASE OF SUPPORT FOR A
NEW® su:snconruten USER FACILITY, EITHER BY %muw ON TO AN
EXISTING FACILITY OR BEGINNING A NEW CENTER. . | SHALY, 'xssr, THIS
Coofm‘nss m‘L’Lv INFORMED AS OUR PLANS' IN THIS REGARD DEVELOP.
5. : : .

THERE 1S A THIRD EXCITING AND NATIONALLY [MPORTANT AREA N

" our REQUEST wHICH | WOULD NOW LIKE TO ADDRESS: RESEARCH ANQ,. -

-

EDUCATION" IN ENGINEERING AND OUR PLANS FOR A NEW 'PROSRAH FOR

cnoss-or?:crntnnv ENGINEERING RESEARCH CENTER§ IN Fvy 1985. we

ARE pPrROPOSING $10.0 miLetow son THIS Punmss AND EXPECT 10 FUND

S

. Ia

UP TO FIVE CENTERS IN THE F!RST YEAR .

39-882 0 - 84 - 2 _ 17



RESPONSIBILINES FOR THE HEALTH OF BASIC SCIENCE AND ENGINEERING

18 TRE UNITED STATES. MORE SPECIFIC GUIDANCE FROM THE NAnon(

-

Science Boarp awn
SEEK WAYS 10 smenemsn THE ENGINEERING EDUCATION AND RESEARCH

CAPABILITIES OF OUR UNIVERSITIES AND .COLLEGES-

A]

-
.

NHILE THE SPECIFIC DETAILS OF THIS NEW PROGRAM ARE STILL

BEING WORKED OUT . THE CENTERS wiLL:

o Focus bdn HKJowL/ecnuowslan CONCERNS OF BOTH INDUSTRTAL
'AND NATIONAL AMPORTANCE IN ORDER TO BEVELOP FUNDAMENTAL

2
~

KNOWLEDGE N AREAS CRITICAL 10 U.S. COMPETITIVEWESS Im
WORLD MARKETS ¢  m. ‘ A ‘
s , . ‘e '

.

o Brims TOGETNER ENGINEERS  AND SCIENTISTS  WITH DIFFERENT
SK!LLS AND BACKGROUNDS 10 FACILITATE THE KINBS OF
"cross-pisciPLINARY” INTERACTIONS AND RESEARCH VWHICH

/ PARALLEL THE WORKING WORLD OF INDUSTRY - AND WHICM ARE

NEEDED TO SOLVE TME LORG-TERM TECHNICAL CHALLENGES

" UMDERLYING.EMERGING AREAS OF TECHNOLOGY . S

. . ~
o Provibe 1uE EXPENSIVE, STABLE EXPERIMENTAL CAPABILITIES,

INCLUDING INSTRUMENTATION, BKILLED TECHNICIANS, AND-

MANAGEMENT NOT AVAILABLE TO INDIVIDUAL INVESTIGATORS

WORKING ON SMALLER STAND-ALONE PROJECTS.

O

RIC

Aruitoxt provided by Eic:

- .
. 4 o - .
.

THE PROPOSAL HAS BEEN SHAPED BY THE FOUNDATION'S GENERAL -

-

ms NaTIONAL ACADEMY OF ENGINEERING LED us, ’to._



O

ERIC ..

Aruitoxt provided by Eic:

16
.- - .= .
- . . . 3
0 [MCLUDE PARTICIPATION 'BY INDUSTRIAL SCIENTISTS' AND
§ . - .

ENGINEERS T0 NAKE CERTAIN THAY ACTIVITIES FOCUS oW

LORG~TERM ([NDUSTRIAL NEEDS AND PROVIDE AN INDUSTRIAL

. "WINDOW® FOR FACULTY AND STUDENTS 10 [NPROVE THEIR.

UNDERSTANDING OF THE PRACTICE OF ENGINEERING -

v

o InvoLve aoru_'sannunrs AND uinénennnuArs ENGINEERING
\ STupEwTs 1N RESEARCH ACTIVITIES, GIVING - THEM dpung-on
, EXPERIENCE WITH RESEARCH AND TRAINING THEM TO OPERATE MORE
EFFECTIVELY IN' THE “CROSS-DISCIPLINARY” WORLD . OF

» -

ENGJNEBERING PRACTICE. A - .

. - "{

WE ARE VERY EXCITED BY THE PROSPECT [THAT THESK CENTERS wiLL

CONTRIDUTE SIGNIFICANTLY T0 -THE SUBSTANCE AND® QUALITY OF

¢

ENG INEERING RESEARCH AND EDUCATION .

. . rd

LEY ME mow TURN TO THE FINAL .TOPIC: PRE-COLLEGE SCIENCE
EDUCATION- '

-

.

»

THERE HAS BEEN A NATIONAL GROUND SWELL OF CONCERN IN THE LAST
FEW VYEARS ABOUT THE QUALITY OF PRE-COLLEGE SCIENCE AND
MATHEMATICS EDWCAT{ON [N OurR NATION'S pnipnav AND SECONDARY
scuhots' EDITORIALS ACRDSS THE COUNTRY HAVE DECRIED TNE STATE OF

AFFAIQS, ATTRIBUTING IT TO A VARIETY OF CAUSES. SCHOOL BOARDS,
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\‘ N

TEACNERS ASSOCIATIONS, PARENTS GROUPS, SCIENTIFIC AND
PROFESSIONAL SdClETIES, AID OTHERS IN STATE AFTER STATE ARE

DISCUSSING THE PROBLEM AHD PROPOSING REHEDIES-

4

L]

WE HAVE. BEEN WORKING VERY CLOSELY WITH THE CONGRESS SINCE
LAST SPRING T0 INPLEMENT A NEW PROGRAN 1: PRE~COLLEGE SCIENCE AND
nuueqn’rcs EDUCATION WNICH® IS ﬁ:spousxv:.ro THESE CHALLENGES «
In THIS, WE HAVE -neeu_ GUIDED BY THE RECOMMENBATIONS OF THME-
NATIONAL Science  Boarp uCMssxou on Pnsc'ouées Eputation 1IN

MaTuematics, Sciewce Awp TecuwoLosy- THEIR REPORT I[DENTIFIED

THREE KINDS OF TALENT ‘REQUIRED AMONG OUR CITIZENS:
, . . ~ /_/

Y -
o ProFessionaL SClElTISTS, ENGINGERS , AND TEC“'ICIAM -~--{HE

cen:nnece OF OUR TECHNOLOGICAL socxnv- i ¢

© THE INVESTORS, BNSINESSMEN, LEGISLATORS, AND DECISION
MAKERS . WHO MUST MAVE AN UNDERSTANDING OF SCIENCE AND
* TECHNOLOGY 1O el&v OUT THEIR DAY-TO-DAY WORK; AND
)
B M

1

o A SClENTlFlCMﬁ*’AﬂARE AND UNDERSTANDING CITIZENRY.

« . : -
4 ,

Our snucanom. \sﬁsfﬁi MUST SERVE STUDENTS WITH IMMENSELY

" VARIED ABILITIES AND emwm. BACKGROUNDS »

Tug PROBLEM 1S: How caw THE NSF PROVIDE THE BASIS FOR HIGH.

. QUALITY SCIENCE AND nnms’ngtcs PRE~COLLEGE EDUCATION ‘THAT SERVES

THES FULL SPECTRUM OF STUDENTS? WE TRADITIONALLY -- AND
? {
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APPROPRIATELY =~- HAVE BEEN CONCERNED WITH T;CE SuUPPLY OF

MATHEMATICIANS, SCIENTISTS, AND ENGINEERS. OUR GRADUATE-

PROGRAMS, OUR SUPPORT OF RESEARCH, OUR DEVELOPMENT OF MODEL

PRE-COLLEGE CURRICULA IN THE MAJOR DISCIPLINES, AND OUR EFFORTS

'TO UPGRADE THE SKILLS OF SCIENCE TEACHERS HAVE ALL BEEN DIRECTED
TOMARD THIS OBJECTIVE. . '

Bur NOW THE COUNTRY cuALLe-ees us WITH A nucu MORE DIFFICULT
PROBLEM: THE QUAL!1¥ OF eeuenAL EDUCATION.FOR ALL STUDENTS. WE
WELCOME TNAT CHALLENGE; we RELIEVE THAT NSF CAN PLAY A
SIGNIFICANT ROLE. : ' !

NATURE OF OUR SYSTEM - THERE ARE [MPORTANT. AND APPROPRIATE
LIMITATIONS -~ BOTH FOR GOVERNMENT [N GENERAL AID THE .AT T1ONAL

Scrence FOU!DA!JOI IN PARTICUAR. NSF's PRINCIPAL srnensrns ARE. ¢
ITS CLOSE TIES WITH ACADEMIC INSTITUTIONS, 1Ts -exrsnisucs .
SUPPORTING RESEARCH, AND ITS TRADITION OF PEER REVIEW T0 ENSURE

. L

EXCELLENCE. [T IS NOT OUR PLACE TO PARTICIPATE MASSIVELY IN’ THE
'PRE-COLLEGE EDUCATIONAL ENTERPRISE. RATHER, OUR BEST ROLE 1S AS
A CATALYST, ENCOURAGING AND SUPPORTING THE PARTICIPATION OF SUCH
DIVERSE GROUPS AS SCIENTIFIC SOCIETIES, EDUCATIONAL PUBLISHERS,
EDUCAT [ONAL DEVELOPERS, AND SCHOOL SYSTENS.

’ . : .

21

AT THE SAME TIME, WE ARE KEENLY AWARE OF THE PLURALISTIC
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- . .
.

WITH THESE IDEAS IN MIND, OUR INETIAL PROGRAA‘HAS Two 'M)orL

ELEMENYS . ‘ L

-

-

’

1. PROGRANS TO INCREASE THE KNOWLEDGE AND SKILLS or-"
\ PRACTICING TEACHERS AND T0 ENMANCE THE PRESTIGE OF THE
) PROFESSLON; TO DEVELOP WATERIALS §ND TEACHING AIDS T0 RAKE
sclsnnn; goucenyusnu T0 ALL STUDERTS; TO DEMONSTRATE
NEW METHODS THAT .CAN IMPROVE THE rencu;ns euvmomsnf: AND

T0 INTEGRATE NEW TECHNOLOGY INTO TEACHING

- . ) -
.

2. PROGRANS 70’ se;rea UNDERSTAND SCIENCE EDUCATION PRORLENS)
ASSESS  THE SUCCESS OF EXlsnns' AND NEW TODLS oL
METHODOLOGIES s AND lfmtsus APPROA;:!CES THAT- OFFER PROMISE oOF
INPROVEMENT IN SCIENCE EDUCATION OUTSIDE THE ‘CLASSRODM.

- ‘ ‘
» - .

Tasks. WE MUST HAVE R SYSTEM THAT 1S OPEN TO ANY PROPOSAL QF
MERIT, YET AT THE SANE TINE CAN FOCUS EFFORTS IN A PLANNED WA¥'SO
THAT WE PROCEED FROM PROBLEM DEFINITIONS 70 DESIEN, T0 “nadon
* DEVELOPMENT, AND FINALLY TO ACTIVE APPLICATION IN AN APPRECIABLE

’
NUMBER OF CLASSROONS . ¢

L Y

We ANt ENCOURAGING THE CONVENING OF PLANNING WORKSHOPS BY A
VARIETY OF sclenn:tc, PROFESSIONAL, AND EDUCAYIONAL ASSOCIATIONS
Y0 HELP DEVELOP CONSENSUS ON nsens.mm T0 FOCUS BETTER TME
PROPOSALS THAT ARE SUBMITTED To US. WE WILL meu USE AN ACTIVE

PEER REVIEW PROCESS -~ RROADENED T0 INCLUDE ALL OF ‘INE

A ‘wysrID uammeg STYLE 1S  REQUIRED 70 CARRY OUT THESE
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.noposn.s RECEIVED u FY ‘1984.
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SCIENTIFIC,  EDUCATIONAL, ECONOMIC, TECHNNICAL, AND INSTITUTJONAL
KNOWLEDGE REQUIRED FOR JUDGEMENTS OF EDUCAT IONAL EXCELLENCE AND
UT(LETY -- T0 SELRCY THE  BEST OF TMESE. We aRre nsss’nnv

ADES!GNI"S AN ORGAIIZA'HOIM. AID PLMJIINS STYLE M’FIOPRI!'IE 10

hése nmussnsvg CHALLENGES, AN | EXPECT. 10 BE REPORTING ON OUR
PROGRESS To THIS COMMITTEE SOON.- )

: . . ,

THE Science aND Eusm?es\alns Ebucation DIRECTORATE waAs
fE-£STABLISHED ON OCTOBER 1, 1983, AND WE ARB WORKING ¥0O STAFF 11

WITH EXPERTS IN APPROPRIATE FIELDS. - An Aovisory COMMITTEE WiLL
- SOON BE APPOINTED 10 PROVIDE US NITH EXPERT VIEWS ON OUR PROGRANS

AS THEY EVOLVE. Nem.v ALt 1983 APPROPRIATED FUNDS HAVE BEEN
OBL IGATED, MOSTLY TO TEACHING MATERIALS DEVELOPNENT AND ' HONORS
TEACHER WORKSHOPS, AND WE .ARE WORKING HARD 10 Em.uue THE
.

WE ARE REQUESTING ‘A TOTAL OF $58.7 MILLION FOR PRE-COLLEGE
SCIENCE AND MATHEMATIES AGAIN IN FY 1985. 1 FIRMLY BELIEVE THAT)
AT THIS LEVEL ”us WILL 'BE ABLE TO BUILD UP THE KIND OF HIGH
QUALITY SCIENCE EDUCATION PHOGRAM nm 18 MORE FOCUSED; MORE
STABLE, AND MORE cons:slevw THAN ‘THOSE WE HAVE HAD IN THE PAST, A
PROGRAM ;un DRAWS ON THE BEST THAY, “1ne NSF HAS -T0 OFFER,
ALLOWING 1T 10 PLAY s m}csn EDUCATIONAL ROLE OF CATALYST AND

\ . '

SUPPORTER '.
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* (ONCLUSION " ‘

, WE BELIEVE THAT THE ADNINISTRATION HAS SUBMITTED A
PROPOSES SIGNIFICANT .INCREASES [N THOSE FIELDS OF RESEARCH
TTTCHEMISTRY, PHYSICS, MATERIALS, COMPUTER SCIENCE, ENGINEERING,
PLANT BIOLOGY, GEOSCIENCE, MATHEMATICS -~ WHICH ARE IMPORTANT 10
oUR’ séounnlc CONPETITIVENESS AND NA1xouAL Sschnx1v "1 Have
EMPHASIZED THREE OF OUR MOST sxcl1xns !NthATIVEs A4/:;

EF¥081$ TO DESIGN AH EFFECTIVE PROGRM In PRE"'COLLEGE SCIENCE AND

- MATHENATICS EDUCATION . »

. -
A
[

L I . . . K
WE SUPPORY MANY SCIENT'ISFQ AND EIGINEERS,_DIRECTLY AND

INDIRECTLY, ACROSS. THE IA1tnn-‘ ML OF OUR ACTIVITIES HAVE"
STRONS EDUCATIOIAL llFLUEﬂCE ON OUR coLLeseq,dib UNIVERSITIES -
THE NEARLY 18 PERCEIJ 1ncutAss'ut ARE REQUESTING IN.-FY 1985 wiL(

_STREIS’TNEN THESE FEATURE’ OF QUR - PROGﬁAHS, ESPECIALLY OUR

ENPHASIS ON RESEARCM INSTRUMENTATION. - ' .

P
™

i ureE . YUUR COHHITTEE T0 SUPPORT THE ADI!IISTRATION S

‘s 7

REGUEST .

WELL-BALANCED BypceT (Reauest ror FY 1985 rom Tme NSF.  [1°

- B
LL AS OuRr

- -
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STATEMENT OF JAIME JIM) DIAZ, DEPARTMENT OF
PSYGHOLOGY, UNIVERSITY OF WASHINGTON, SEATTLE, WA

Dr. Diaz. As a physiological psychologist, my science in general
involves how the brain medid‘tespgehavior._More specifically, my re-
search examines how the brain develops and especially how normal
brain degelopment can Be disrupted by different factors, for in-
stance drugs and undernutrition. Currently, my research is focus-
ing on a particular phase of brain developmeitt, a period that is
called a “brain growth spurt.” .

As the name implies, the brain growth-spurt is a time when the
brain is growing at its absolutely fastest rate. The first slide shows-
velocity curves, just how fast the brain is growing, for a vdriety of
. species.”] would like to draw your attention to the soli |
which is the brain growth spurt for the human. For
the brain growth spurt begins around mid-pregnan
extend well into the fourth post-natal year, and it pea® 8round
the time of birth. The brain growth spurt happens in all mammals,

and its timing relative to birth, as you can see, varies from species
to species.

* What exactly is happening during this time is that there is ex-
“plosive growth. In particular, what you have is the egtablishment

of some pcpulations of cells, but more importantly what is happen- -
ing during this period is that it is a time for the formation of con-
nections between the neurons and the central nervous. system.
Quite literally, the brain is wiring itself up during this time. Cells .

- are making point-to-point contact: Unfortunately, the period of

fastest %lrowth is also a period of maximum vulnerability, which is

to say that duririg this complicated growth program, the growth of

the brain at this time is most easily disrupted by a variety of dif-
ferent insults or traumas. .

Now, when you think about it, the brain is the single most im-
portant organ, in terms of behavior. What we do and what we are
is how the brain works. And so, that the wiring happens so quickly
and that the wiring of this particular organ can be disrupted so
.easily is what I find particularly interesting as a psychologist and
why {1 feel compelled to study this particular period of brain

To study the particulars of the vulnerability during this time
necessarily means that you are going to have to go to animal
models. It makes it problematic. Notice that the brain growth spurt -
for the rat, which is the dotted lineto the right, occurs primarily
post-natally. It occurs after birth in the rat, r\:'%ueneas in the human
it is occurring before and after the event of birth. So an important
point from a family of curves like this is that the fetal rat is not
the same as the fetal human. If you are going to model an impor-
tant period of brain growth'in an animal like the rat, you have to
be aware of the fact that you have to compare stages of develop-
ment, as opposed to the absolute age.

Once you have come to that kind of conceptual breakthrough,
then a methodological problem immediately presents itself. If you
are going to model the gmin growth spurt in the rat, you will nec-
essarily have to involve working with rat pups that are nursing.
'E‘hat is a major problem. .

> 25



., One of my strongest inf.,erests ié the effect of drugs on brain de-

velopment. Any drug, any trauma that you may induce during this

‘nursing period, is going to mterfere with nursing. If you find your

results are promising, you do npt know if those results are due to

the actual drug or manipulation'or if it is due to the fact that these

animals are not nursing properly. So what you peed is an animal

_ that doés not have to nurse,.althqugh an animal &t this age cannot
survive on its own. . ' ... .

To solve this dilemma, I have refined a surgical ;l)\rowdu're in

which I surgically install a feeding line directly to the rat pups.

* What I have is a rat that does not have to nurse. This is & 17-day-

- old rat pup, andeyou can see in the. front, on the left side of the -

-"animal, there is a tube. These animals get fed directly, and they do
not have to nutrse. So I maintain these animals in these plastic
cups, inm warm water baths, and now [ have a preparation that,
allows me to look at this particular period of time—more impor-
tantly, this particular period of brain growth—and ot have to

worry-about an animal that i'not nursing. All the animald are re-

 ceiving the same amount of milk at the same time of day. -
With this kind of a preparation, we are able to examine and
model the brain growth spurt. : "
. One of the drugs:that is most commonly used in human neonates
and infants are barbiturates, oddly enough. So we looked at pheno-
barbital, which is ;r)erha s.the most poFular drug given to infants.
We looked at that first. &c&ll now tha

the brain h spurt can
extend ifto the fdurth- postnatal year. We want,eswu‘)vt mo«fel what

would happen if ydy exposed a developing brain to a drug-as pow-
erful as barbiturated during this time. - : '
at we found’ this: That, using this procedure, we were
able to maintain weights—body weights are on the left side—
so our animals did not lose any weight, they were adéquately nour-
ished, but we found that phenobarbital, given at a time that
mimics the early postnatal time in a human, and at doses that are
clinically within the ballpark of what infants will see in a clinic,
retards brain growth and retards brain growth significantly.

The importance of something like this is, if you ick up most pe-
diatric neurology textbooks, phenobarbital is considered safe. It is a
safe drug to give to infants. The reason it is safe is, infants do not
die. but this kind of attitude does not address itself o the notiop of
a brain that is connecting, a period of brain growth that is essen-
tial for this person as they develo and for later life. So the posi-
tion that I maintain, in terms of drugs that are prescribed, is that
anything that will disrupt the brain growth spurt is a risk. Until

_ now, there was no way of adequately trying to™igu® out just how

~ emuch of a risk it is, and this kind of a procedure enables not only

the studying of the brain and what is necessary for normal brain
development but can help in assessing just how traumatic certain
drug exposures may '

be, - .
The general feelin{ﬁ' the medical community right now is that

once an infant or a developing individual passes the first trimester,
they are out of the woods: it is safe. While it is true that the first
trimester is a time for organs to form, including the brain, I find
that this is to ignore the critical peridds that occur later in gesta-

.

_ tion, say the third trimester and certainly postnatally. If the atti-

26
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" tude is that affer the- first trimester, an infant is safe or'a develc;;'i; [
* ing fetus is safe, certainly after the person is born, people have less: .

"...

of a concern about drug exposures and about traumatic exposureg.- .

) 71 think that my data.talk to a more cautious approach to it. - & -
e We decided, using this model, to look at the effects of alcohol.4t a -
time of brain growth that is similar to a third trimester. in, the

-, notion in this particular line of research was to explode the myth -
. - that once you pass the first trimester that a. person is safe. We ex-. *

- posed animals for a very short period of time to alcohol, at levejs - ..
- that were not unlike the levels that are seen in clinits, certainly in

the Seattle areh, to women that were not cautious of their drigking
during pregnancy. We found similar results, without_any -drop i

: bogy weight, for a slibstantial drpp in brain weight. . . o
w . - You cansee the dataon the right for brain weights. If you look’ -

. at the brains themselves; you can see it. Alcohol has a severfely re-- -
tarding effect ori brain development. So with -this model, we ‘sre
able to develop an accurate model of fetsl alcohol syndrome, a8 far.,
as brain growth is concerned. =~ - . o fL T T,

-When we looked at the actual neurons involved in this, ‘this is a
neuron in'a particular part of the brain in a control animal. Phisis o -~

. that similat type of neuron in ap alcohol animal. You cag see t K
the bush, that elaborate metwork around ‘the cell body, is hardly de- e

. veloped, So these connections, the events that are li&spepi%;{

. during the brain growth spurt, were disrupted by this, and it is &
profound effect and talks to the caution that one should have con-

*.%+ cerning exposures during the brain growth rt: M

S . Qur researth has taken us to not only 1o§m1g at drugs but look-

: ing at nutrition and wsing the procedure to look at formulas. What,

_ if we were to feed rats formulas that had different qualifies of pre
weyonof - teiny in this partjcular case—TFhe-“PP-Eroup in this particular #lide
. ». . is “protein enriched.”- We can find that not only will we altet brain
L ,'Fowth. but we can affect behavior' as well.. So, while there may be

- ess dramatic effects ir 4erms ‘of malformations and thihgs that you
.»  fan gee, the period of time when the brain is giowing at that par-
~ ticular rate is a very volatile time in terms of the final outcome for

. 42& animal. I think our work has talked not dnly to drugs but:has

0’ _

lked to basically what is necessary to build a brain, what-i8 riec-
essary to build a normal brain. We have been able to look at § vri-
ety of different factors involved in this: recévery factors, hiow does
the brain respond when it is being insulted, and how can we maxi-
mize that or minimize. that, and what will’ interfere with the -
brain’s response to an insult? S
One of t{:g benefits of usintg this procedute as we~d§veloped it is
that a variety of different research lines opened up. By using this
surgical procedure of feeding animals, we are able to generate en-
tifly new lines (of research that were not available before.”One
, partjcylar line is, if we can feed rats with this particular procedure
early .in life, during critical periods, then we can overfeed them..
One Eartioular. line was to make these infant rats obese and exam-
ine the question of; *‘Do-fat babies remain fat?”’ What are the bio-
chemical ramifications for being fat early in life?
This type of research line is not and was not availaple before the
- sutgical procedure. So_within developing and within the guidelines ,
of my research topi ere able to start spinning off separate

. *
- .'4'
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lines that did not show up before, that we did not anticipate before,
concerning issues that are important and issues that were not ap-
proachable before this.: '
. The effect of formula feeding is another whole research area that
pow we can examine directly in terms of what is neceasax;y in a for-
mula for normal brain growth and for the development of a normal
individual. Those are the lines of research that we have been pur-
suing under the NSF grant. "y
. The CHARMAN. Thank you so much. We will now turn to Dr.
John Knauss, who is the dean of the Graduate School of Ocean Sci-
ences, at the University of Rhode Island, which of course is one of

the Nation’s premjere 1nstitutions for hic research. As |
‘'understand it, Dr. Knguss, you are going to ibe several of the
NSF-supported research p funded by the Ocean Sciences Pro-

gram, including the research vessel Endeavor.

STATEMENT OF JOHN A. KNAUSS, DEAN, GRADUATE SCHOOL OF
OCEANOGRAPHY, UNIVERSITY OF RHODE ISLAND, NARRAGAN-
SETT, RI . ‘ .

Dr. KNauss. What Iwould like to do today is to focus -on work

that my colleagues and I have done over a numb¢r of years on the

Gulf Stream. Much of that work is being done wit.h-ou; research

- The Gulf Stream is a feature which has captured our imagina-
- tionsforWellovermOymrs,ofsaﬂom'asweuasscientists.Trying
to understand the complexity of the Gulf Stream is certainly an in-

teresting and worthy llectual challenge, but®it also Has some

importance in the following way. We are now convinced that the
changes in the weather. from yesr to year are controlled mocean
.currents. One of the things we expect to be able to do inf next
30 years is to be able to predict those changes in ocean climate. Not
whether it’is going to rain in Salt Lake City in 1985 on July 4, but
whether or not July will be a wetter an normal and wheth-

.erornotl;.gg d‘thbe more s;_now edillathemountainsin 198§ o
than in R at sort of thing, those long- chaﬁ or,
sﬁald say, short-range climatic changes trends m weather. :

These are all controlled, we now know, by small perturbations in
ocean currents. : ' ' . )

The CHAIRMAN. We could sure use some help out there in Utah:

Dr. Knauss. The Gulf Stream, which is mightiest of our
ocean currents, at least in the Northern Hemisphere, is certainly a
part of that picture. And trying to understand the perturbations of

the Gulf Stream will lead u1s, we believe, eventually to be able to

understand the changes in climate. , ,

Let me start with the first picture of the Gulf Stream ever
drawn. That was done gy Benjamin Franklin, back in 1770, I be-
lieve. You can see the Gulf Stream as a mighty river in the sea,
and we think of it as a river in the sea, transporting the heat from
the south ugtothe north and then to the east (Fig. 1).!

One hundred. years later, a Mr. F'mdle&! would show the Gulf
Stream as a small nozzle down here at Cape Hatteras and then

. ]

'Fig. I through 8 appesra on pp. 29-36.
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reading out in all directions to the east. That is how we thought.

Gulf Stream looked nmiaybe about 1870 (Fig. 2). ‘

This is-a picture drawn about 1970 (Fig. 3). What you see is a

.. number of different ures of the Guif Stream. Each one of those
patterns, if you could follow it, is the Gulf Stream at any particular
time. What lyou are seeing is the edge of the Gulf Stream. The Gulf
Stream itself is still 100 or so miles wide. But ®ach time it mean-
ders along go that it is still a river in the sea, bu it does spread out

- 88 one goes. That is. the banks of the river. if 1, become very

" indistinct. B . ‘

-To make that picture was a lot of work. It required a ship
down at the beginning, at Cape Hatteras, and moving up along the
Gulf Stream, following the e(ﬁee of the Gulf Stream, and measu%
the temperature, not only-at the surface but at depth, as you wi
see. There is a number of man-months of effort to make that kind
of a picture.- : . ‘

Now we have satellites, and this is a satellite picture of the Gulf
, showing the surface temperature of the ocean as described
by the satellite. The blue is cold, the green warmer, and the
yellowish-reddish colors are the warmest of all. The white that you
. see in this picture and other pictures are clouds, and we cannot get
' away from’that problem. :
* The CHAIRMAN. How was that taken? -
Dr. Knauss. That is with a satellite.
The CHAIRMAN. That is a satellite picture then? o,
Dr. KNnauss. That is not a_picture. That is the sea-surface tem-
" perature—— : .
The CHAIRMAN. As represented by colors? ,
- Dr. Knauss. By colors. What the satellite does is to accept the
. radiatidn in the infrared, which determines what the temperature .
.i8. All we_ have done is essentially to color-code it. What satel-
lite gives us is the radiation informationm, and then we just put it
~into a computer, and the blue comes out cold and green and so
forth. as you see. - -
If you want to make your computer a little more fancy-—"anmu
cannot see it quite so well there—you can get rid of all the T
‘colors and leave the Gulf Stream looking almost like Franklin’s
Gulf Stream, essentially as a river in the sea, moving down there.
But remember that this river in the sea,’if you will, is going to -
move about from place to place. _ .
This is a picture of the temperature of the ocean as we g0 across

. the Gulf Stream, where the red is the warm water ahd it gets cold

v a8 we go down (Fig. 4). The temperature- is in degrees centigrade.
We have what we call the “cold wall.” You can almost see it there
on the slide, where the isotherms drop dramatically straight dowh
(Fig. 5). That is where the Gulf Stream really is. That is where the

. real edge of the Gulf Stream ig. What happens at times, however,

. is that sort of a low, small layer of warm water gets off to one side,

' so you would get a false position en where the Gulf Streani is, if ail

you had was satellite alone (Fig. 6).

What we would like to be able to_do is to figure out a way to
keep track of where the real Gulf Stkam is, without having to go
out with a ship and make measurements oni a very labor-intensive

+ basis. We have a way of doing this now. .

-

-
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. That, by the way, is a picture of our research vessel, Endeavor,
which is owned by the National Science Foundation. We operate it
and have operated it now for about 7 years. It is 175 feet long, car-
ries a crew oi 12, and we can carry about 16 or 18 on a scientific
party. We keep it at sea about 280 days a year. There are about 13

. ships like=this in the academic fleet around the United States. We
« have one, the University of \i;la‘shington has one, Oregon State, and

so forth. They are very efficitnt vessels. 1 think they are the most
efficient irch vessels in the werld, and most of these are sup-
- ported by the National Science Foundation. Many of them were
. - built by the National Science Foundation. ’ o
This is the device that allows us to know a little bit about where
*  the Gulf Stream is, without going out and measuring the tempera-
ture directly. If you have ever been aboard a ship with an echo
rsounder, which measures the depth to the ocean bottom, what it

does is send out a sound pulse, The sound pulse goes to the bottom .

and com®s baek, and you measure the time it takes for the pulse to
go to the bottom and come back. That determines how deep the
water is. :
If you put an echo sounder on the bottom of the ocean and ping
.ur to the surface and back and forth, you would measure the depth
~‘of the water, and you would think, therefore, if you .did that, and
you left it there for 6 months or so, you would always get the same
depth. However, the slgeed of sound is a function of the tempera-
ture of the water. So if the water is warmer than average, it looks
like the deptl is less because the time for going back and forth is

" less. If the water is colder, then clearly it looks like the depth of .

the water is greater. . : '

- If we put echo souhder on the bottom of the ocean, such as’
that device there, and we put it down and leave it there for about 2
months—all it has are some batteries, a sound source, and a tape
recorder—it pings up on the surface and measures the t:i)garent
depth of the water. Then we go back about 2 years later an send a

. signal down to it. It drops its weight and pops back up to the sur-
face, and we bring it home and then measure where the Gulf
Stream was, Here is a series of these that we have put out across
the range of the Gulf Stream, where we can keep track of the Gulf

. gtre_'am, of the cold wall of the Gulf Stream, by this kind of a

evice, ’ . :
" We are checking this with the satellites because, by ‘det@mining
when the Gulf Stream s off the edge, as it does, with a satel-
lite as well as with this device, we hope eventually to be able to use
the satellites as a tr£ melans of keeping track of where the Gulf
Stream is, rather than sort of a false image of -where the Guif
Stream is at times. : : ;

This is another device we have used for tracking the Gulf
Stream: This is a drift bottle, only it is an underwater drift bottle. |
will not g8 into the details, but we can send this down to maybe
2,000 feet. It goes along and sends out a seund signal every few
hours and so forth, and we track it just like people track Russian
submarines. That is, we have listening posts off the shore of land
and on islands, and by triangulating on that sound, we can track
that underwater drift bottle as it moves through the ocean.

N
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- = The white lines you see there are where the Gulf Stream normal-
lg' is, and you can get some kind of a cross-section of what the Gulf -
. treamds. From an earlier picture, we put that device, where is the
- - red wiggly spaghetti line you see there in the center of the screen,
that was in the middle of the asso Sea. It sort of wandered
around at random, more or less, for about 2 or 3 months. Then it .
got into the Gulf Stream and came quickly up to the Northeast. It
popped out of the Gulf Stream, as you can see where that loop is,
came back in a reverse pattern, got back into the Gulf Stream, and
then moved on forth. - ) ' o

‘So now we find we not only have a river in the sea but we have a
leaky river in the sea, if you will. That is, we can bring water in
from one side, and we can pop it out on the other. We now have a
program where we are doing this in 'a much more systematic way,
where we are tracking these inderwater drift bottles in the Gulf

~ Strepam on a regular and systematic way, trying to determine to
some extent how the water flows in and out of the Gulf Stream.as
the Gulf Stream itself flows along. _

The Gulf Stream does other kinds of wonderful things (Fig. 7). As
it meanders along, as in the upper left-hand corner, where you see
the Gulf Stream has a little dip to it, then it has & big¥er‘_ dip a
cou’&l\e of weeks. later. Then it breaks off and it has a little ring to .
it These Guif Stream rings are.big. They nray be several hundred .

- miles across, and they have a life of their own. _
Here is a picture-of work we did about 10 years or so ago, show-
_.ing (Fig. 8—one of these rings from the Gulf§tream that broke off
like that and followed it down for better than 2 years, when it fi-
nally'came to pieces down off the coast of Florida. The Gulf Stream
does these kinds of things also. These rings, by the way, pop up not
o::ily on the south side of the Gulf Stream.but also on the north’.\;
side. ¢ o - : ‘

Finally, I want to show you three pictures of the Gulf Stream in =~
some of its real complexity. Again, this is a satellite photo of the
surface temperature: You can see the Gulf Stream coming down to
the south. As it gets up there into the middle of the sereen, it looks - *
like it is poing in all directions. You see other kinds of strange

. things around it. '

Again,_if you play games with our computer, you can tak® the
Gulf S¥¥eéam out of it. Here is the Gulf Stream itself, with a mean-
der pattern and a big blip and then anothef meander pattern. The *
one far over is just in the process“of forming one of those big cold- '
core rings that we had before. The Gulf Stream is mesilidering very
much, as you can see. ’ .

Now I put the rings back in. You can see, first off, there is &
warm ring, which is brownish color, in the‘center, which is kind of
clongated, cllipsoid, which is caught almost in the Gulf Stream.
There is a second ring, over further to the left, which has caught
some water and swept it up into it, almost like a hurricane does,
sweeping water out of the Gulf Stream. It is a little less brown; it is
more green because it is cooling off. Then finally, down here closer
to New Jersey is a cold green ring of the Gulf Stream. Those rings
pro ave lives on the order of 6 to 9 months.

Further down to the soyth in something which we do not really
understand because we have only seen it a few times in the last

Q ' i 31
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few months. It is essentially a swath of warm water which is being
pushed out from the Gulf Stream. i .

Mr. Chairman, what I wanted to try to show very quickly are the
kinds of things that we are able to do with new and modern tech-
niques that we have in studying the ocean. We use as an example-
the Gulf Stream which, as I said, from the time of. Benjamin
‘Franklin has been the object of intense interest, and I hope to
point out it is not only of great intellectual interest and curiosity
but ‘also, because of its importance in the long term, enabling us to
understand how this-heat transfer takes place. We hope it will tell
us a lot, about how the ocean interacts with the atmosphere. We .

_hope that maybe ir 20 or 30 years, by understanding more about

.such things as the Gulf Stream and other major currents in the
ocean, to be able to do a better job of helping you with that snow
problem in Utah. Thank you. .

. *[The figures referred to as 1 through 8 follow:]
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R The CuairMAN. Thank you, Dr. Knauss. This has been very in-
ot 27 teresting so far, . , . .
.~ .. _ Dr. Laurence Strorig is research proféssor of chemistry at Earl-
. ¢ ...iam College in Richmond, IN. His research is funded as part of
* NSF’s increased emphasis on improving research opportunities at
, » 2-year and 4-year ooﬁeges.and universities. As L.understand it, this
is a' cross-disciplinary program, called research at predominantly
" undergraduate institution8-So we will turn the time over to you,
Dr. Strong. We are very happy to have you here. =

. 'STATEMENT OF LAURENCE E. STRONG, RESEARCH PROFESSOR

—— = 7 ORCHEMISTRY, EARLHAM COLLEGE, RICHMOND,IN~ ~

. Dr. StroNG. The two grants that I have from the.National Sci-
-»+ " epce Foundation are from the program called two and Your-year
‘ college research instrumentation program, which I suppose now ap-
pears moré as predomingntly undergraduate institutions.

liberal arts college of about 1,000 students. It has a long history of
- -sending students from the sciences on in to advanced degrees, to

- I might say a,little bit about the institution where I am. It is a -

) -~ work as scientists in later years. The research that I am going to .

* ~  tell you about is a project that began nearly 20 years ago and arose
- out of some of the things that intemsteg me in my teachiig of
, chemistry. Cot _ . '
During the past 10 years, approximately, .1 have had about 30
_ . students, undergraduate students, who have.participated in this
.+ . work. In addition to the two ts from the  National Science
"* ~  Foundation for instruments, I have also had a number of other
., grants from other agencies, mainly for supporting students during

- the summertime te work with me: L
1 might begin by indicating something of the significance of the
kind of work that we are doing. It is a project that is concerned

groups of atoms attach to a more complex molecule and affect the

properties of the molecule. This is important in trying to design
molecules for particular purposes. :

- One of the people who has been particularly active in this in

- * recent years is Professor. Hanch at Pomona College, who has devel-

- » oped a systern whereby you can organize the data and predict bio-

fogical activities of complex malecules from data about the individ-

ual-parts of the molecule. His procedure is being used now increas-

ingly by pharmaceutical firms, by manufacturers, designers of pes-

+ ° with trying to find out more about how individual atoms and small*

"ticides, and herbitides, and a variety of other substancgs of consid- -

erable use in our society. In fact, since I prepared my testimony, I

‘have had g8 manuscript.from him, just in the last couple of days,

' describing work that hag been done recently in Japan.

- One is to design a betfer bacteria static agent and the other is fo .

. design a better herbicide for use, I guther, in ricefields and such

-~ enterprises. The conclusion from this manuscript seems to be that

these kinds of dath and this system of organizing the data are ex-

i tremely useful in making molecules that are as efficient as possi-

) ble. This kind of work, in this case, was of contern to Japanese. sci-
entists and drug designers. =~ - ‘ -

. .
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A good deal of work has been done ip this area over many years
by a great many different people, and a lot of information has been
collected. Even so, it seemed to me several years ago that there are
also items of data that are not available, either because people
. have not worked on them or because there simply have been too
few instances collected to draw some useful generalizations. So we
are, in a sense, trying to fill some of these gaps. My particular in-’
terest is in the energetics of the ionization of molecules. .

The kind ,of molecule we have been working with I have here in
a 100, mlllxonfold magnification, as a molecular model such as °
chemists would use: This is benzoic acid, in which the blatk repre-
. sents carboh atoms, the white- repredents hydrogen atoms, and the
red oxygen.atoms. The part which is of immediate interest, which
we measure, is the ability of this hydrogen atom to be separated
from the rest of the molecule or ionized. This forms the acidity of
the molecules and, in this case, benzoid acid.

- One reason for using is that it has this rigid fmmework which
, actually represents six carbon atoms, the hexagon in my hand, and
various atoms, and-molecules can be attached around the five
tions that are indicated -.by the white hydrogen atoms. I
brought .along one, for example, on which we have worked, whlch :
has two groups attached where my hands dre to form dimethylben-
zoic-acid, to use the chemists’ terminology for it.

So what we do, what students have been doing, is to prepare in
highly punfied form one or another of these substances and then
measure the acidity, measure the extent to which this atom is lost
in the.presence of various other groups attached to the molecule.

If T could turn on the overhead projector, it will show on the
. screen. This is a plot of some of our data for a group of methylben-
zoic acids in which the benzoic acid has been numbered around this-
" hexagon from 1, where the oxygens are, 2, 3, 4, 5, and 6. So the
numbers on the right, 26, 236, and so forth, indicate the positions
on the ring to which the methyl group has been attached. The line
of dashes near the lower one-third otp the plot is representatwe of
benzoic acid.

" The acidity increases as you go from bottom to top of thig plot,
and the numbeys on the left and right axes are just the méasures .
that are used of the acidity. So as. we h&e put methyl groups on
the benzoic acid, if we put 1 or 2 in positiog 3 or 4, down near the
bottom, we decrease tﬁg acidity of benzoic acid. If we put the
: methyl groups in the 2 position or the 6 position, we increase the
acidity of benzioc acid. :

" The thing that is of particular mt,erest to us and what was not
known before is represented by the group at the top. These are all
- acids which have not been the subject of study by anyone before, I
guess in part because they were found to be difficult to study.

The 26 acui which is’this molecule here in my hand, if you add
to it then methyl groups in the other posltton —3, 4, and 5—in
every case-they decrease the acidit red to the one at the
top. On the other hand, down a little furt ou see one labeled
No. 2, a methyl group in just ghe 2 posmon T you add a methyl
group in the 3 ition, the 23 one. you increase the acidity. It is
rather abnormal, unusual behavior. _

- .
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From these .curves, which I have shown hete, one can deduce
" then a number of other properties ‘of these acids, the tics of
the ioriization, which is our particular interest but which I .do not
- propose to describe in detail unless people have ions about it.
One as of the work—and one which grants the National
Science Foundation have been particularly helpful-—lies in the fact
that in order for these data to be useful, they have to be obtained
at high precision. We customarily work with precision of about one
. one-hindredths of 1 percent. This is necessary in order to be able
' " to do the calculations and the statistics from which we can get reli--
* able information about the energeties. We have been able to devel- -
S m a‘wag of making measurements in almost every case through
is kind of ision. So undergraduate students in fact are e
posed to work of this precision which, among other things, is&:i—
marily paying attention to a lot of details in order to be sure that
.. the reliability and the precision are maintained. :
ne other interesting sidelight_to this is the fact that when you
. examihe energetics, $ou that the ionization of. these, acids
is controlled in many cases by the fact that during the ionization
process something happens that increases the orderliness, the ar-
rangement, of the system. The exil:nation.‘ which has been ad-
vnnbedbyothersiniyeanpast,ist t this is due to what is hap-
pening to the water in which these acids are dissolved. So, another
result growing but of our work is the information about the nature
of water, which is one of the important chemicals, one of the im-
portant substances, with which we all deal and which rather sur-
«s prigingly is still not understood very well at the molecular level.
- T would- like to sa& a‘little bit, in conclusion, about the kind of .
\"  assistance that the Natjonal Science Foundation grants have pro-
vided. We have had, ds I have said before, two grants to buy instru-
ments. They were primarily helpful in obtaining the kind of preci-
sion that we needed. We have also been able to borrow equipment
from Wright State- University and from Illinois Institute of Tech-
nology. Earlham College is rhaps fortunate among the smaller
colleges in having rather well-equipped laboratories. We also have
a pretty good science library. In fact, one of the grants that is
listed as an appendix to my prepared statement was a grant to the
~ college to bring other librarians from colleges and universities to
workshops on how we operate our science library at Earlham. . :
‘Support from the National Science Foundation and particularly
from the 2-year and 4-year College Research Instrumentation Pro-
‘ fmm has been an important aspect of our ability to carry on work.
also included a list of the various grants that have been received
by people at Earlham College, and a number of these are of this
kind, as well as others such as I mentioned for the Science Library
Training Program. . : -
* When colleges and universities are ggamined in relation to the
baccalaureate origins of doctaral degrées, there is a preliminary
study whiclr indicates that out of the leading 25 institutions in this
regard, 15 of them are 4-year colleges. Earlham is not in those first
25, but it is not very far below the first 25.
It also would appear that a considerable number of the individ-
uals that are currently teaching in colleges and. universities in the
sciences are graduates of 4-year colleges. At Earlham, we found, in

-
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looking through our graduates in chemistry, that 23 of them, in the
years from 1963 to 1977, are now teaching in colleges and universi-
ties. So liberal arts colleges and 4-year institutions are important
. sources of manpower and womanpower for the further develop-
ment of science educatjon at all levels in our country. _
" We are also one of a group of colleges in the Great Lakes Colleg-
es Association, 12 colleges, and these institutions have received
about a half million dollars during the past year from the 2- and 4-
.year College Research Instrumentation Program. Somewhat simi-
lar activities have.occurred at our sister association, the Associated
Colleges of the Midwest. So for these two, this grant program has
been a useful and helpful kind of thing. : ‘
So I would urge that provision be made in the legislation in the
fulure so that the National Science Foundation continues to pro-
vide support for scientific research by faculty and students in the
4-year colleges. We are.certainly indebted to this committee—I be-
lieve it was this committee—that originally formulated the legisla-
tion on the 2- and 4-year College Research Implementation Pro-
gram some years ago. - .
- Unfortunately, our experience has been one that we think dem-
.onstrates rather olearly that without specific inclusion in the legis-
lation, these 4-year colleges are often discopraged from the grant-
'ing process and that the number and magnitude of the grants that”
they receive, in years when such program does not operate, decline.’
I would also indicate, finally, that as 1 understand it, Federal
support for undergraduate science education at the present time is
zero at the Foundation. Thank you very much. '
[The prepared statement of Mr. Strong follows:]
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STATEMENT BY. DR. l;u:ms. Staona, REseARcH Provrssor ov CugsmTay,
. EARLHAM Cm.wa. "

L

Nr. Chairman and hembers of the Committee:
’ . . .£ - '
I am a Professor of Chemistry at Earlham College. It is & liberal
arts college with a stwient body of about 1000 and is located On the
sastern edge of Indiana. It has had a long history of graduating
students wWho go On to advanced degrees in the Sciences. The research
about which 1 bave been asked to tell you something is a project that
Degan nearly twenty years ago and ercee out of some of ky interests in
Chemistry that had developed through py teaching. buring the past ten

.years ahout 30 stucents have participated in the work. Support has

come from w nuwber of sources including two hationeal 6cience Foundation
grant ‘from the Petroleum Rasearch Fund, two grants from
ation, funds from the duPont Company, and ants from
the Proffssional Development Fund of Earlham College. bBefore

the rescarch itself it is appropriate to give a brief

ion of how the results of the ressaxch can be use ‘to others.

. The project is déveloping. Anformstion about how various atoms or
groups of atomé contribute to the acidity of a wolecule. In a general
sense, suich intormation leads to a better understanding of Chemical
behavior. For cosplex molegules made. up 0of & number ot parts it is
helptul to know how the differént parts contribute to the properties of
the entire molecule. Thus Protessor hansch at Poworia Colleg .
developed & way ot predicting such important properties ap- *
biological activity of a substance from knowledye ot the constituants
that make up .the molecples of the substance. his procedure is being. -
widely used in the devising of new pharmaceuticals and other useful
substances in a wide variaty of fields. Wwhile our work is concerned
chiefly with measurments of acidity there ars reasons to believe that
the results are directly applicsble to other propdrties as well
including those used in the strategy developed by Professor Hansch.

A great deal of work has beeh done over the years by many people '
developing data:tq show the effect on the properties of s substance
when an atowm or a group Of htoms is added to a molecule of the
substance. Lkven so there are some quite fundamental kinds of data that
have not .bean cbtained or have baen cbtained in too faw instances to
perimit the drawing of reliable gensralisations. One major sat of such
data has tO 40 with the snargy changes that accompany the jonization of
an acid, the process that we recognize as acjdity. It is the
snergetics related to acidity that is the main subject of our research
at Raglham College.

BEST COPY AVAILABLE ~
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The chemicals we study are bentoic acid
and gome.of its sany modiffcations/ Bensoic
acid lends iteelf .to such studies in part

" because it is a molecule having a rigid
framework with tive sites to which a variety af
other atoms and groups of atoms can be
attached. P bly the best known modified
benzoie acid’'is aspirin. The adjoining fiqure
18 a schematic representation of a bengzolc acid
molecule such as a’ chemist might use and shows
the pointe of attachment numbered for
identification in the naming OY modified
bengoic acids. The acidity arises trom the
~C0Ul portion ot the molecule. One exsmpl e- of
a moditied benxoic acid is represented by the 2.3-Pimethylbencoic acid
schematic tor 2,3-dimethylbenxoic acid. . -

o :

Each of these modified bonzoic acids is prepered in sufficiently

pure form and ite acidity determined in water over a range of

® temperature, usuvally from the treexing point to the beiling point of
vater. This determination is made through measuring the electrical
resistance of the water solution at coch of 21 aifferent tempoeratures.
A plot of soms of our data is presented in the attached figure. 1t
shows acidity increasing-from bottom to top of the. plot for & ouber of
bensoic acids to which one or more methyl groupe have been attached at
the points on the ring indicated by the numbers at the righthand end of
each curve. The vertical scales represent two differént ways of
describing acidity in- quantitative.terme. Ihe dashed line near the
.bottom ot the plot is for benroic acid itself. Of the 19 possible
methylbenseis acids the tigqure presents data for 13. For most ot the
aAcids«in the tigure we believe the measurssisnt precision is about
0.018. At Present we have corresponding datda tor seven of the n
possible tlGorobentoic acids and 3 of the nimeteen possible
hydroxybenzoic acids. Work is continuing to measure 'nfrc aciam

high precision is essential to our studies and it has beem lack of
high precision that has frustrated most others who have attempted to
obtain similar data. With data of sutficient precision it is then
possible to analyge the data for each acid to obtain several different
characteristics of the energetics of the acidity, that is the
ionisation process. The analysis is done by statistical procedures
which have been the subdect of discussion and disagrecment among
scientists for many years.: In the last couple of years we have been
developing a new method 6f doing the calculations which we are able to -
show gives more reliable results than earlisr method®. This work has
been done in conjunclion with Proftessor Frank halliwell of the

- University of Last Anglia in horwfch, England.

&

“
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. Chemists find ohe interesti aspect of theose acids and their
behavior in water is’that the Lo:zut on process leads to an increase
in the orderliness of the system'! 1his ordering ean be measured in
quantitative- tarms and chemists refer to it as entropy. YThe ]
explanation of the iprreased order produced when'an acid ionizes is
believed to be the effect that the ions formed have on the surrounding
water molecules. Thus one further result of studies such ss. ours is to

. give information about ths nature of water. Water, surprisingly. is
~still for chémists one of the incompletely understood .Bubgtances in

spite of much study over mefly years. ‘ -
Essential to our research are appropriaste instyumental facilities

apd MEF has provided important assistance vith two grants ring the

past five years through the program for scientific ejuipment for two -

" and four year collegas. It s also been possible for us to borrow

equipment trom Wright £tate University in'bcmn and 111inois Institute
of Yechnology in Chicago. Fortuhately. Earl College laborataries
are reasonsbly well equipped with a:mumber of usefu} instruments :
including spectrometers, chromatographs. balances. snd a broad rafige o
glassware for chemistry. C . .

MOSt important for the pursuit of modern reseatch is easy access
to the scientitic literature. Karlham College maintains a good acience
library., unusual among small colleges. Wwe are also tairly cloee to &
larger science library at Miami University and interlibrary loans are

eas1ly arrangea with still other libraries.

The scientific data that we gather requires extansive calculation
and statistical analysis to take full advantage of the results. Wath
over 3C0 numerical items of data tor each acia requiring hundreds of
calculations. pProcessing the data is only feasible with a computer .

- The College has an adequate computer facility for our purposes and

makes 1t treely available.

& Support by grants from the mational Science Foundation has dbeen an
important contribution to our ability to carry on research. Appendix A
lists Mhe grants that Earlham College has received in the past ten o
years from the hationsl Science Foundatjon. The research is not only a

+ contribution to ecientific knowledge but also to the education of

undergraduates. A number of liboral srts colleges carry on sasilar
Kkinds ot activitites and in so doing stimulaste young people to continue
inte advanced training and cargers in the sciences and telated
teahinical tields. Wwe, in the liberasl arts colleges, bdlieve that these
activities anc students are important contfibutions to OQUr nation amd
to sOCiety generally. ~
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When the institutions are examined. that provide the baccalauregate

degrees tor those who subsequently obtain

the doctorate it is found

that the ‘out of the leading 25 institutions fifteen are four year

colleges. tThis ranking is on the basis of

the number of PhD degrees

per baccalaurcate degree. jpurthermore a major number of those

individuals currently teaching in colleges
graduates of four year..colleges. For harl
of the persons graduating between 1963-197
colleges or universities. .

Earlham College one 0f 12 colleges

and universities are .
ham Col we tMd that 23
7 are teaching in

‘nkan. up the Great Lakes

Collieges Associstion. hese colleges comprise more than 29,000
students. In the past five years 7 of these college have received over
a half million dollars from the two and tour colleges scientific ‘

equipment program of the Mational Science

Foundation. Somewhat similer

activities have occurred in the eleven Associated Colleges of the
- Ll

Nidwest . - .

We urge you to see that provision is
the hational science Foundation continues
scientific research by faculty and student

made in legislation so that
to prowide support for -
8 in the four year cotleges.

ke are greatly indebted to the foresicht of this committee for

formulating the legislatiop in this way.
'demonstratea that without specific inclusi

Sadly, experience has clearly
on in the legislation these

tour year colleges are slmost completely excluded from the granting
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" Acidities of hethylbénzoic acids. are shown as a tunction of
temperattre. The acidity-increases from bottcm to top in“the .
figure. 1%he scales on the right and left axes are quantitative

description of acidity. .
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Appendix A \

EARLIAR CULLRGE
UATIML SCILNCE FCULDATIOMN GRANTS
1974-19B4
*June 1, 1963 : ¢ . $20,311 - Laurence Strong

Lgnsitometer and Uigital Plotter ‘for Thermodynamic btudies.

beptember 1961 s 5,024 a Paul Ogren

~ .
Xntuxdtncipunary tnits on lbdctn Theories of satter and oo ) .
Crystalline solids. ) ) .

*September 1961 $ 4,249 . Charles martin

Preparation of Videotnpu ot uptical Propert.ies ot h.\neral and Po.llen is,
Grains for bne in wptical kineralogy and falynology Courses, . *

“June 1, 1981 $ 5,800 ‘ Katharine Milar

Purchase of Th6-00 Microcomputer for Studies of Phencyclidine Bifects v
ot Mewmor - . -

*July 30, 1980 ‘ . $10,30% Noligang Christian

O

ERIC

B A Fuiitext provided by ERIC

systematics and tvolution of the Turtle Family Kinosternidae

Acquisition of Infrared iiuote-mec Appazatus.

Jyly 1, 1980 "y L §16,853 " John lversom

#

*hay 16, 1960 ‘ 514,714 Kent van zant

Microscope for Palynological Researxch.

*March 28, 1960 - §25,000 Paul Ogren

Acqguisition’ of & Muclear hagnetic Resonance Spectrometer.

~

Qammry ls' 1980 e . slo,‘ * Wilmer Etratton

Purchase of Atonic Abﬁorpt.ion ‘tpectrameter. ' . : M

.- .
.. [




*June 6, 1979 . o ’ $2s5000 @ . Laurence strongA'

* Acquisition ot Instructional Scientific Equipment .

O

ERIC

Aruitoxt provided by Eic:

Conductance and thermodynamics in Relation to the Molecular Structure
of belécted weak Acids. ) ) :

harch &, 1977 ' L ‘ $ 6,280 Charles Kartin
Lndergraduate Research ¥articipation. '

September 21, 1977 . 134,800 f.'lox.‘ry wool py
Development of Delphi. ‘ ' C - .
June 11, 1976 . $50, 600 ‘ Thomas Kirk

ihe Lmlop-ant. of Course Related Library and Literature Use N
Instruction in Ondorgrm.tc Scicnce Prvgrm. . )

3

Koy 15, 1975 R $ 9,800 .V Devid Weening
Improvenent ot Quality ot Undergraduate Science lnstruction t.hmugh

L)

* Grants .received through the iwo and Pour - Year coum Ptogr- ot hsl
buaary of Amounts: * ‘ ~

$20,311 - '
5,024 .
‘: 2‘9 .
5, 600
10,305
16,453
14,714
25,000 ,
10,000 ‘ 3
25,000 . '
6,260
, 124,800
50,600 . -

9,600
632!:':'753

3/31/84
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’ The CHAIRMAN. Thank ydu very much. N
Senator Quayle would hike to make a comment or two. .
Senator QUAaYLE. Thank you, Mr. Chairman. First of all, I would

like to thank you for holding these important hearings on the Na-

tional Science’Foundation, an interest which I know that you share
with the rest of us. I know that we will move forward to move this
bill as soon as possible. I thank you for your concern and also your
leadership on this issue. ‘ o

Second, I would like to thank Dr. Strong, who is a constituent of
mine, for very fine testimony. He represents a fine university, and
he outlined the need for funding and for what the National Science
Foundation can do very specifically. -- :

I might just ask you one gs'ck question. If in fact Earlham Col- -

lege did not have this $328,736 in grants from the National Science
- Foundation, are there other resources that would be available to

pick this up, or would we in fact just lose these types of research

and development programs? Could you give us, from your pe

tive and from your school’s perspective, what would happen if in

fact these grants do not come forward? - . v
. - Dr. StroNG. I would say my own experience is that the grants I

have bad from the National Scierice Foundation have been a major
part of the dollars.that I have been able to use in my own research,
and I am sure that is true in the other instances as well, in the
other grants that the college has had. As I indicated in my pre-
pared statement, I have grants from other organizations, fund-
ing agrf:cies, but these in general are smaller ones. In most cases,
they hdave been primarily to support an undergraduate student
. during the summer but not for the purchase of major instruments.

- Senator QUAYLE. But for you to perform at theé level of activity of
which you.are capable, as you have done in the past, this assist-
ance from these programs are absolutely essential; is that correct?
Would you chdracterize it in language that strong? .

Dr. StroNG.-Yes. It has been essential.

Senator QUAYLE. Mr. Chairman, I do have a statement that I

would like to ask be put in the record. I have to depart, but before
your next witness testifies, I might point out that'l am very inter-
ested in getting fundamental engineering as more of a priority
_within the National Science Foundation. There is not only some of
the research that can be done at Earlham Colle$, but Purdue Uni-
versity and other schools around the Nation. We
nology age. Some people refer to it as the information or the high-
tech age, and I think engineering is a very strong backbone that
sometimes gets overlooked a little bit. '

I will pursue my specific recommendations with the chairman
and other members of the committee at a later date, but I would
a?k to have my statement included in the record at the appropriate
place.

The CuamrmaN. Without ohjection, we will order that, plus the
statement of Senator Strom Thurmond as well. :

Senator QUAYLE. I thank the Chair, and I appreciate your having
this hearing.

‘ l[;l‘he] prepared statements of Senators Quayle and Thurmond
ollow:

~

92
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Statement of Senstor
Dan Quayle |
NSP Authorization Hnring
Aprll 4, 1984.

.
-

Nr. Chairmen, it is & plnsnro to be hcldiag a hearuz today
- $
. ou the suthorization levcls for the latiml Science Fomdqtim

‘ (NSF) for Fiscal Year INS. ~

I'd 15ke to comsend my good frinl'fm Inai ‘and Chairman”
of this Committee, for holdiu theso bnrius and for taking such
an interest in this very ilporunt federal lmcy. I would slso
;o-ond my colleague on his eéfforts and work in introducing the

. A_&uinistr"dtioa's bil_'l to authorize appropriations for the NSF
for PY 'ss. 1 hope we can s-oe'speedy consideration of this biu

* inm CO-:ittee and on the t'loor of the Smute' nd send a bill to

NSF for the first time in several years. I how the Chlirnu of

this Cotittoc has bcen working with our couums on the Co-nrcc

Committee to come to an agreemont on the Jurisdiction of the NSF

and. I ‘an hopeful that we can find cosmon gromnd snd do what is

be.sr for the NSF. . ‘
' It pleases me tt; be here today to hear téstimony from
811 the witnesses, ;nd pnrticularly from Dr. Laurence Strong,
Research Professor of Ché-istry at Earlham College in Richmond,
’: lndiana. I look forward to all the testimony.

Before we begin, I would like to nention a big that I

have just introduced to amend the Orgmic Act of the National

BEST COPY AvAILABLE
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Science F!::dltlon. This bill S. 2525. would e-phnsize within '
the NSF the impoxtance of funds-entel cl;ineerin; research,
, . necessary to ke%ﬁ our country competitive in iq&ustry and other
technological fields. Fundamental engineering resesrch generstes s
. future technelog; from scientific knowledge through investisation
v of systems, -eufacturing proceeses. materials and methods. My
bill would also make engimeering education a priority for the
agency. We have a serious shoreeie of engineering feculty at ~
our nntion s institutions of higher edutetioe. as uell 8s 8
shortage of undergraduate and graduate engineering studeats.
- The National Science Foundstiom ‘and the Rationel Science i
BenrJ'Loth have expressed their support for the lnnguage contained )
in S. 2525. i hope this Co-ittee will considey S.° 7528 fnvornbly

- - in the mear future. - )
Agsin, Mr, Chairman, mrechte your holdtg this heafiu , "
today, and I look forward to learning about the NSF supported /
research projects our witnesses will be discussing today. . // '
; .
< - .
» ' -
’ !
N)
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~ . ' . " REPORTER

STATEMENT BY SENATOR STROM TIRIRMOND (R-5.C.) BEFORE THE SENATE
LABOR AND HUMAN RESOURCES COMMITTEE REFERENMCE HEARING ON. RE-
AUTHORIZATION OF THE NATIONAL SCIENCE FOUNDATION, 430 DIRKSEN.
SFNATE QFFIFP BU!IDTNG WEONESDAY, APR!L 4, 1984 10:00 A.M,

\
~

MR. CHATRMAN: ~ O o T
. ' 3 . -
. It is a pleasure to T . .- Treceive test!uony
'\-
gonuerning the National Science ibundntion and the resesrch

’

achierédeaes pf that agency.
.. . The people of the United States and throughout the world

have benefited enornously from the scientific research that has

taken place in thxs country \

The Upited States today has the higﬁtst standard of living

. in the world, and thxs is due, in large part, to .the efforts of

‘ﬂm/‘ :our.ngentnfic community. . v ) .
For many years, we have been the world' lelders in the

fxeld of !cience.andjgf ve, xxsh to reimain 1n this leedership role

. ,' . Ve sust 'maintain a strong conaitnent to research

.

ﬁqr  Mr. Chairman, I believe that the President has displayed
hls,Lonmxttnent to research in science and engineering by proposlng '

~a 1%.6 percent increase iﬂ fbndxﬁg for the National Science

Foundation o {1>cal year }985.° Through the grants and contracts

for rescarch provided by thx: agency, significant advances may

D

r«sult in areas such as natxonal defense, ‘tndustrial productxvity.

hv:lth cncrgy and Jgrlculture

'rr" -

in thes4 nnd other 1nportant aress.- I commend them for their

s

Y

cxxpllent work nndfluok forwnrd to their testimony.,

D
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Thé CHAirMAN, If I could just ask you one question that was
botbg.lf"i‘ng me while you were speaking, why -is it helpful to know
what Thereases the acidity of these molecules? : :

. Dr. STrRonG. The acidity itself is probably not of immediate inter-
est to, say, a. pharmaceutical designer of a drug, but the gresump—
tion is—and there is a good deal of evidence to support this—that
once you have determined the effect of a particular atom or group

. of atoms &dded to a molecule on the acidity, that same magnitude

. of effect will be produced for any other activity that this or another

similiar molecule may have. Whether we then later measure acidi-

‘ty or some reaction rate or some effect on a bacterium, we will see

 the same kinds of changes in the effect produced by ddding an

"atom or molecule. It is a generalizable property, once you have
measured it. * - . ,

“We pick a system that ig easily handled, as far as the measure:
ment is concerned, to get the initial data. Those data can be used

, in a variety of other kinds of reactions, particularly those of inter-
o gst‘tlo the designer of a bacteria static agent or a pesticide or a her-

icide. .

The CHAIRMAN. Thank you. That i$ interesting. ,

Dr. Richard Claus is associate professor of electrical engineering
in the College of Engineering at Virginia Polytechnic Institute and
State University. You have held several NSF grants, funded by
NSF's Eleetrical, Computer, and Systems Engineering Program. 1
understand you are going to -give us an illustration or at least a
piesentation this morning on fiber optics. -

STATEMENT OF RICHARD 0. CLAUS, COLLEGE OF ENGINEERING.
VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY,
BLACKSBURG, VA - -

. Dr. Craus. First, I would like to introduce myself and my func-

tion and mﬁ background and then describe briefly what my m:pport

. from NSF has been in saveral different areas, and then specifically

target some of the results of that support, and then fina ly briefly

disc}:xss some of the scientific developments that we have come up
with. . '

I am 32 years old. I graduated from Jolms Hopkins in electrical
engineering in 1977, and since then I have- had support from the

_ National Science Foundation in flve different grant programs. The
first of them was an initiation plan in engineering. That was fol-
lowed by a regular NSF engirigering research grant, two research
equipment grants, and since my function at Virginia Tech is both
research and teaching, I also pursued and was awarded an instruc-
tional laboratory equipment grant. So NSF money in my program,
in fiber optics and in acoustics, has supported both research and
instruction. v : :

Othér research support. for that same work has come from
NASA, the Navy, the Air Force, and several industries.

The specific results of that support ‘can be divided into two cate-
gories, one in research and the other in instruction. In research,
that support has not only supported my efforts but also the efforts
of approximately two graduate per year, and of those 12 graduate
students that have worked” with me, 11 have been U.S. students
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and one has been an international student. We have also produced
some thinfs, that NSF likes to see: papers. We have averaged ap-
proximately one paper a month, review papers, many invited, and
also a book in that time. Specific engineering results also have re-
sulted in five patents, and we are working on two more, so that the

work- that we do has not only been basic research in fiber optics

but it has also been applied research that has resulted in some

usable systems. We have also received six NASA awards for that

research in fiber optics. ‘
On the instruction side, we have’done several things. One is in

raduate instruction, we_have developed an instructional lab in
iber optics and in acoustics, which has served approximately 150
students in the last 4 years. Also associated lecture courses that
have- serviced approxirnately 300 students, and that support from
NSF and the research sypported by NSF has spawned industry co-
operation in these areas, wﬁch has helped us quite a bit.

Let me briefly discuss some of the scientific developments that
we have come up with. I have appended a modest descri fon in
technical terms of the work that we have done. The first t ing we

have done in fiber optics has been to use fibers not in the commu-

nications area but in the noncommunications area of sensors. We
have used embedded optical fibers in aerospace structure material
to determine the stress on the material and predict the failure and
lifetime-of the materials. Specifically talking about composite ma-
terials, composites are more or less like plastic plywood—very high
strength-to-weight ratio, very %_ood in ow-weight-required aress.
What we have done . is embed fibers in a matrix inside penels of
these composites and then lookad at the ways that optical informa-
tion transmitted through the rs changes when you subject the
composite material to strain and stress. -

In doing that, we have had to work with a number of different
optical modulation and demodulation schemes, which has led to the
development of sevéral optical instruments for the measurement
on another line of metal surfaces and polymer surfaces. We have
also looked at cracks in composites and how cracks propagate in
composites and the detection of those cracks with optical fibers.

The second area that we have considered has been in acoustics,

instead of in optical fibers. The mathematics and the physics

behind the propagation of waves in acoustic lines, as opposed to
fiber optic lines, is very similar. We have looked at waves specifi-
cally tEat travel on boundaries between pairs of solid materials.
These are acoustic waves, ultrasound waves. They are character-
ized by hortical motion that with res . to-the boundary between
the solids is both up and down and back and forth, much_like
motion that you experience when you go to the beach and you
stand out several meters offshore and you move up angl down and
back and forth. By measuring the components of motfon of those

waves, we are able to determine a number of properties of not only

wave propagation but also the interface between the materials that
support the waves. ' :

. Opecifically, you can use changes in the properti
to evaluate a glue bond that exists betweeh the
that exists between the materials. You can also u

f those waves
terials or weld

waves such as

Y
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this for electronic signal-promh\%‘edeviees, and these waves also
have applications in seismology, where you consider the transmis-
sion of acoustic waves between large masees of rock with different
- acoustic properties. So this study has had applications in & number -
of different areas. : ‘ :
Another result of our work has been the development of a new
type of ultrasound transducer that can be used for scanning tumors
or fetuses. The new type of transducer uses results that we came
up in our fiber optics research and transferred to the ultrasonics
area. The new type of transducer generates an ultrasound field
thgt is very easily detected and very easily calculated using signal
processing tethniques through a computer. That ultrasound trans-
- ducer is one of the devices that we patented as a result of our re-

search. _

~ We hav¢ also developed several optical instruments just of gener-
_‘al interest, with no real application other than the fact that they
‘let us do our research a little more easily. These techniquies are in-
terferometric; they -are more or less optical phase-measuring in- -
struments. They have led us, for instance, to measure angstrom
particle displacements of material surfaces without worrying about
background vibrations of the entire surface. With an instrument .
like this currently, one industry is monitoring the_ motion of an op-
tical fiber in a feedline assembly.with a one angstrom sensitivity
neg\obely from across the room using a laser source.

. Finally, we have investigated the characteristics of optical fibers,
both theoretically and experimentally, which make them useful as
sensors of both pressure and temperature. Specifically, the meas-
urements that we have made, the parallel measurements that
others have done as well, include measurements of the amplitude
of optical signals that are transmitted through the fibers, the polar-
ization of the optical fields that travel down the fibers, and most
recently, we have taken a look at changes in the time of travel of
optical pulses that are transmitted from one end of a fiber to the
other end. If you analyze the changes in’the time of travel, or the
delay of thost pulses as they travel through the fiber, you are able
to infer either the temperature of the -medium that the fiber is em-
bedded in or the pressure that is induced on the fiber. - .

[The prepared statement of Dr. Claus follows:]

L

"
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Nage: - Professor Richard 0. Glaus
) : t of Electrical Engineering . .
Virginia Poi Mnic .Institute ' and _ Stdte
_ University
. Age: 32 ' f
. Education: Johna Hopkins University, Ph.D., Elactrical

Engineering, 1977 .
Research area: Guided wave optics and ultrasonics

7 NS¥ Support: .
AR Engineering Research Initistion Orant szs,oa 1978-80
Engineering Research Grant ¢ 1980-83

. 9,7
Specialised Research Equipment Grants ¢2) 93,846 1978,1981
xnut;ucuoml Laboratory Equipment Crant 34,600 1979-80

& Resulta of wsF sufport:

¥ Research E » ol
‘ 12 graduate students supported (11 us, 1 international)

* 84 technical papers published -

. S patent disclosures and patent applications

L
hd .

- Instruction LA .
* Developed instructional laboratory in fiber -optics and
electro-optics (150 students in, 4 years) .
* Developed associated . lecture courses (300 students
in 4 years) L4
¢ Developed industry cooperation in these areas -

Specific Technical Developments;
* Developed new methods for testing the lo;cung and potential
failure of 'norospgco saterials. using embedded optical

-t

-

* Obtained firat direct Reasurements of acoustic waves which
- travel on the boundaries between s0lid materisls. These
waves have potential spplisptions in the evaluation of wvelds
and glued jointe, in electronic signal Processing devices,
and in seismology.

, .
* Demenatrated a new type of ultrasound transducer which has

improved performance in biamedical scanning applications.

* Developed several new.optical instruments for the inspection
» of metal surfaces for surface and swbsurface defects.

* Investigated the charaétcrhticl of opuéal fiders which
make them usaful as ssnsors of pressure and temperature.

-
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STATEMENT OF DR. RICHARD O. CLAUS

TECHNICAL SUNMARY

€

Ultumic Xnterf.-ce Waves -

5.

Flrt of my resedrch funding , froms the Natiotul Sciepce

Founlation has supported the 1nvest’1qntion ot guided elastic

waves known as 1nf.er£-co waves which travel nonq the boundaries

botmn solid materials. Like vaves in water, ‘&hrtuo vaves

have both up-nnd-dovn and back-and-forth compononts “of particle
motion which decreass 1n,w11tudo v:u:h distange into botb. of the
materials, and thoir wvave cnom is connnod to a rogion near the
~poundary._ Although the interface waves between most pairs of

.ouds are 1oaky so tbay lose some of their energy into t.ba'

uminn as they travel, ,nnattcnuatod interface waves called
Stoneley waves may be supported on the boundary if tho ntn:u}
properties of the two solids are suitably related. Ultrlsohic
l1eaky ‘nnd Stoneley interfacsé waves have po.tontul enginesering
spplications 4in the nondestructive ‘evaluation of critical
asrospace structures, acoustic .wvave signal proccslinq &vicas,
and long acoustic wave delay linas used in ccmmicntion systems.

My research has involved measuremsents of tha clurnctortotic- of

these waves which determine their usefulness in thoao application

areas. .
Specifically, under NSF seponsorship. my graduate’ students
and I have obtainad the first direct mmrmnt- of . ultrasonic

interfach waves. We have usged rode convarhion to and from

surface acoustic wavas to generate and Getect leaky interface

waves ort steel-titanium and titanium-aluminum boundaries. On

plane boundaries we observed efficient conversion from surface
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vaves on the denser utﬁ’hl and from grning mglc shear waves
in the lighter materisl. We have dg-ommtod the nonduttucuw
mluntion Potential of such interface waves in two vays. © rirst,
by measuring variations in wave speed versus the co-pnnl.va
stress applied to metal specimens in contact, ¥ have shown that

interface nnd Stoneley waves are sensitive to ‘éonditim along _

the bondline. Sscond, using surface vave convoruon at a corner

of a splid specimen block-and axially symmetric St.olpliy waves om -

a tapered -otal pin. we. have observed vave interactions with
surfece ami bu).k material defects which arwee perpendicular to .the
bondline, In addition, we h#c used igtorforo-otric. laser

dotact}on sethods to cbserve the particle motion of interface

such as glass and fused §uartz in both smooth and welded contact:.
These direct optical scanning Doasurements have allowed us to

better understand the processes involved in interface vave

..

generation, .reflection, and sttenuation.

Optical Fiber Sensors
Squip-ent provided by ISS' research and -p-cunlod oquipnont

’ grants has Al.oo been used to investigate the performance of

optic-l fibers as sensors of temperature and pressure. Qur main
effort in this area has besn in the dov‘lopnont of tachniquea
which use embedded optical f£iber waveguide t.o dotornlnc th.
stress and predict the possible f.nuro qt composite ntdti..l
structures. Such techniques could offer significant advantages
over conventional evaluation methods for several ressons. First,

1f the fibers are embedded in the composites during

R

PUSCRPIREN PN O

,waves directly on the boundaries between transparent materials

e 4
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manufacturing, they will allow the nondestructive inspection

.-ysm to be "built in." Second, since the elastic proportio} of .

optical fibers are somewhat similar to those of the fibers ised
in some ;:omouta's, comolito ntori'.-l properti:s may not be
doqndfd. nmny,ﬁopncal £1b&n_-rs a sensitive -ooguot of both
stross And ultrasound.

Our research has led to &vtlop.ontn‘iu two areas. r;rut,
ve have demonstrated a- multiple fiber system which uses coherent
detection techniques and computer processing to determine the
tvo-disensional stress distribution on ‘a panel of _ composite
material. The spatial resolution of the measurements obtained

. using this -ﬁta may be incresased or decreased by c-b.ddim

additional or fewer fibers in the panel during manufacturing.
Second, we have rocont:.fy obtained prelininary results for similar

‘panels using short duration solid stite laser pulses which travel
through the fibers. s:;on in the panels changes the propagation

" characteristics of the pulses, causing pulse ron.ct;lon.nn(

attenuation. cutmf. vwork involves interpreting the changes in

these pulse properties to infer the distributed stress state and

-

thus the stnpcttiul integnity of the specimen.

———
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The CHAlrMAN. Thank $8u. This has been a very interesting.
morning for me. Realizing that you are all not experts on every. re-
search ‘_project underway at your respective institutions, I wonder if

.each of you could just give us a few illustrations or examples of
NSF-supported research at your institutions and what are some of

the projects. some of your colleagues are working on? Let us start g

with you, Dr. Diaz.

Dr. Diaz. There are a variety of projects in the psychol de-
partment that NSF funds. Aside from the brain-growth work that I
am doing, there is work done by Elizabeth Loftus en memory, ant
it has a great deal to do with the so-called sanctity of eyewitness
testimony or just how you remember things. - In-the cognitive psy-
chology area, there were a variety of projects going on mvolvessxyn
the way we approach and the way we think about certain topics,
The process involved in decisionmaking, for instance. These are the
tyﬁs of projects in the psychology department. ‘
: If the medical community, virtually every one of the science labs

" has some NSF funding in one way or_another. To go through a

roster of that is beBrn my keeping track of.

- The CHAIRMAN. Dr. Knauss? » ' .

Dr. KNaAuss. The Graduate School of Oceanography does work in
all aspects of oceanography, not just the physics of it the Gulf
Stream, which I talked about, but also the geology and nature of
the ocean floor, the chemist? of the ocean, and some of the biologi-
cal aspects of the ocean. NSF provides support in all of these sreas
to our institution, in one way or another. :

- One of the most interesting problems that NSF has provided con- -

siderable support for is the issue of so-called sea-floor spreading;
that is, the plates on the crust of the Earth, which are separated in
the middle of the Atlaptic Ocean and then are subducted down at
the edges of the continénts, such as the big trenches off Japan, the
Aleutian Islands, and o forth. We now are Pretty well certain that
this does indeed r, and we have known it now for 20 or so
years. The question is, What is the driving mechanism?

The sources of that are well beneath the surface of the Earth,
down.20 or 30 milds or maybe more miles than that. We cannot get
at that directly, of course, so we do it indirectly. We do it by look-
ing at the rocks gnd the material that is brought up, volcanic mate-
rial and otherwise, and then trying to piece back ther again
what the history of the mantle of the Earth beneath the crust had
to be in order to provide the kind of processes we see. So we have
gotten beyond' the descriptive staie of what is sea-floor spreading,
and we are now trying to learn what are the causes and the mech-
anisms that determine that. -

The CHAIRMAN. Dr. Strong, let me change'the subject just a little
bit. In your research, did you seek funding from other sources
before you went to NSF, or did you just go straight to NSF? -

Dr. Strona. Funding initially was from a general grant that our
chemistry department had with the Du Pont Co. over a_ period of
several years, and some of that money was used in supporting my
research and the students. The college also has what it calls a pro-
fessional development grants program, and I got small amounts of
money from that. So these two, I guess, are the basis for deweloping
the research far enough to think it was possible to apply to the Na-
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\ .
tional Science Foundation. I had had grants many years ago back
: in the siaties when I #in a high school development program, a na-
“ tional pr%ram, at the college, and this was supported almost en-
tirely b(%n ational Science Foundation funds. -

The CHAirmMAN. What I am getting at, Dr. Claus, in addition to
what you said, Dr. Strong, I am trying to find out the relative im-
po ce of the National Science Foundation as a funding institu-
tion, relative to not just other Federnl agencies such as NIH but
also to outside sources in industry and nonprofit sector sources.
You have indicated that you have had some help from-the industry
sources. Have you seen any indications that there are other sources
that may be available? -

Dr. Craus. Yes, I think in enginaerinﬁathere -The problem
that I have run into, in the work that I have dorie;§s that usually
those other sources want specific tasks accomplished.™ -

The CHAIRMAN. In other words, they want you to accomplish a
specific goal. : e

Dr. CLaus. Exactly, especially industry. I have found personally
it is difficult—— .

The CHAaigRMAN. You seem to be saying applied arch rather
than basic research? o :

Dr. CLAus. Exactl%i ' "

The CHAIRMAN. What [ have found through the years is that
NSF is crucial for basic research, as well as various applied re-

rch. Do you all on that? :

Dr. KNauss. Ahsoiutely. It is almost the onl{ agency in the Fed-

- eral Governmient that supports fundamental research with no
strings attached.

Dr. Diaz. My research, more than the others, does not have a
direct link to industry. So the study is of the nature of the way the
brain develops and will not. be fu by amything other than NSF.
" The CrairmaN. One of the great concerns the committee has is,
of course, the relationshij between you as researchers and prospec-

. tive students. We are impressed that each NSF award also supports
a number of graduates and possibly undergraduate assistants. But’
these are just statistics. How would you characterize the benefits or

- the drawbacks that students have resulting from your research?

Dr. Knauss. All I can say is that several of those slides I showed
were the work of graduate students. I believe that almost without
exception, evéry grant that we have in the Graduate Schoal of
Oceanography the National Science Foundation supports the mini-
gum of one graduate student. We also are using our grant support
to support in a specific way undergraduate students. (g)Zeanography
is not a field which man&‘g undergraduates are well aware of, except
in the field of biological oceanography. It is difficult to get physi-
cists and chemists to go into oceanography. One of the ways we can_
attract them is by providing undergraduate support for them in the
summertime to come and learn about what an exciting field ocean-
ography is. That often is by NSF support. ' ‘

. The CHAIRMAN. What has been your observation concerning un-
dergraduate students? Do you find that they are better or less pre-
pared in today’s climate than they should be? Do you feel that the
quality of graduate sthidents is going down, or is it going up? That
is kind of a dangerous question, I understand, but I would like to

H
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get an impression. Last year here, we had tremendous pressure on
this committee to come up with a math and science bill. We did. It
has not moved off the Senate calendar for well over a year now.
The problem is, that.one of our members would like to attach a 19-

civil rights amendment to it, and that has caused a lot of diffi-

culty because the bill should be a math and science bill and not a

hodge-podge of a lot of other, albeit important, issues.
Are graduate students diminishing in quality? Or is it just a
mI;rteli( of indivilaual abilitti‘es? : R f
. KNAuSS. view of it, runhing a graduate program_ now for
almost 25 years, 1% that the best nts v\_have now are at least
as good as the best students we had ago. I think what has
changed is that some of the students we in the middle group
are not as well trained as they should be. I think that at the upper
end of the scale, there is no difference. But I tRink in the middle
scale, there is where we are seeing that the unde uate training_
and the high school training before that has not as strong as

. it should have been. '

The CHAlrMAN. Do Kou all agree wiih that?.
Dr. Strong. I think I would add one other observation. I deal

- with undergraduates, a number of wom go on to do graduate work
at other institutions. I think what we have observed .is that a few
ears ago, there were fewer students interested in science, particu-

arly in going on, thinking about careers in science. Their interests
were elsewhere. This has\been changing mere recently, with more
students and particularly better students again interested in

be encouraged, that good students will find the sciences attrac-

%e sciences. I guess what we would hope js'that this can continue -

The CHAIRMAN. I am glad to hear that because we are concerned
about scientific manpower, 'as you know, in this committee and on
other committees as well.

I am going to submit other questions to you, and I will keep the
record open for others on the committee to submit questions to you.
I have just one last question. If someone suggested that an eﬁ
way to réduce the deficit by $200 million would be to keep N
funded at olast year’s levels, what would be’ your answer to their
S tion? )

r. CLaus. I do not have current NSF funding, so I would be very

" disappointed with that.  -.

Dr. KNauss. Science is expensive, and it is very difficult even to
adjust the cost of doing science to the cost of living. The equipment
for doing science now is much more expensive than it was 20 years
ago, and we need that kind of equipment. We need the new com-
puters that are so important to our work. We need the very fancy
complicated kinds of equipment, and then we need the people to
help run that kind of equipment. So.I think the cost of doing state-
of:‘the-art science is more expensive now, and it is going up at an

increase means we lose ground. ]

Dr. Di1az. There are some other issues as well. The benefits of sci-
ence to the community at times are not as apparent as other in-
vestments, but it is just as important. Regardless of the specific dis-
cipline, most of the projects are going to generate other lines of re-
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search. They are going to generate other work, just besides getting
people thinking about topics.

jor discoveries are not usually done on purpose. It is taking
bits and pieces from a pool of knowledge. To cut into that is to cut
into something that may be very beneficial to the society as a
whole later on, and I would not like to see just cutting our options.
We do not know what is going to come out of these things.

The CrairmAN. Thank you. I need to leave, and | will turn the
remaining time over to my dear friend, Senator Pell, who takes a
really active role in this area and who, of course, has played a sig-
nificant role in the maintenance of the National Science Founda-
tion. I have a lot of regard for him. .

Let me just thank each of you for being here. This has been in-
tellectually stimulating. I think it is a different approach to the re-
authorization of NSF, and that is to just talk about a few of these
prodiects and see just how valuable they are. I think each of you has
added significantly to our knowledge through your research, and as
a strong sugporter of NSF; I feel real about this hearing.

Senator Pell, I am so grateful to have you here. If you don’t
mind, I am going to turn the committee over to you. I have other

uestions, but I do not want to consume any more of your time.

ith that, I salute you and appreciate your being here.

Senator PELL. Thank you for your kind words, Mr. Chdirman.

T would add that I am very sad I was not here for Dr. Knauss'
presentation. We were marking up another bill in another commit-
tee at that mement. :

. I went through the material, the photographs, and | was struck
by one thing. Apparently, the Gulf Stream is not only offshore but
it req&rgs eeper water for it to exist. What is the reason for the
Gulf am existing at all? What makes the Gulf Stream? Why is
it that it does not come closer to the shoreline.

- Dr.. KNauss. That is a very difficult question to_answer very

quickly. The Gulf Stream, in the simpleést sense, is controlled by
the winds and the rotation of the Earth. You need both to have a
strong Gulf Stream. You have to have the westerly winds at our
mid-latitudes, and the trade winds at the southern latitudes, and
you have to have the Earth rotate the way it does. If the Earth
were rotating'in the opposite direction, for example, you would
have a stron% Canary Current off the coast of Europe, rather than
a strong Gulf Stream. You would have a very diffuse Gulf Stream,
for example. So the rotation of the Earth gives it that narrow,
sharp intensity, and it is the wind itself which combines to drive
the water in that circular motion in the Atlantic Ocean. -

There is a comparable kind of current in the Pacific Ocean,
called the Japanese Current, which is like the Gulf Stream. It is
only a little bit different, because the shape of the Pacific is differ-
ent from the shape of the Atlantic.

Senator PrLL. What would be the reason for its not being close to
the shoreline? -

Dr. Knauss. The Gulf Stream is close to the shore. It comes up
the coast of Florida to about Cape Hatteras, and then it begins to
leave the shore. It begins to go across the Atlantic Ocean. You can
imagine these major ocean currents as being connected, almost as a
circle as you go around the Atlantic Ocean. It goes across the At-
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lantic Ocean to about Newfoundland, where it is the Gulf Stream,
and then it is given another name, the West Atlantic Drift, and
then the water comes down south off the coast of Europe, the
Canary Current, and then they call it the North Equatorial Cur-
rent, and it comes back across. You can think of the whole motion
of the ocean as being circular, if you will.

But the Gulf Stream is very special because of the Earth’s rota-
tional effect. It takes that broad current and makes it very narrow
and very intense. veas:h

Senator pth;;:mc.ggnection witl.h thxthnek rosa thet'hat we lhhve tht:;
oceanographic purposes, i t there are lesy
15 or so in the United States. What is the status of that fleet, and
particularly the Endeavor that you have in Rhode Island? -

Dr. KNauss. You are right. We have about 15 research
that are supported by the National Science F tion, pri
and also in part by Office of Naval Research. It is the ;
academic fleet, the UNOL'’s, the University National Ocean
ratory fleet. Those are all modern ships. are not like the ol
ships we had before, which were World War surrslus ships. They

The oldest of these is about 22 years pld: 1962, The general feel-
ing among my colleagues ifr that it is not going te be time forAvhat
ou could call a “second generation” research vessel, it is going to
time to begin to think about the “third generation” résearch
vessels, because 30 years is about as old as you want for a research
vessel, and ittakesusabout7or8years;onoewedecidetodo
something, to begin to have ships comi the line. So now is
the time to begin making plans for the next generation of research
vessels, because the oldest of those vessels was built’in 1962.

Ours is one of the newer ones, the RV ‘Endeavor, and we are very
fortunate with it. She runs very well, everything works, we have
had our shakedown lems with it as ¥ou have with all new re-
search vessels, but she is now generally thought of as one of the
most efficient and one of the most successful ships in the fleet.

Senator PeLL. Does NOAA itself have any research vessels of
their own, under the U.S. Government flag?

Dr. KNAuss. Yes.

Senator PeLL. How many would they have?

Dr. KNauss. The U.S. Navy has research vessels, and NOAA has
research vessels, both for general purpose research .as well as
survey work and with fisheries research.

Senator PeLL. But that would net be included in the 15?

‘Dr. KNauss. That would not be included in the 15 that I referred
to, sir. ' :

S:_in’ator PELL. So we have a total oceanographic fleet of about 40
or H)? - . - .
| Dr. ‘%NAU!B. I do not know the exact answer, but I would say at
east 30. . . Coo.

Senator PeLL. Would you, in your view, believe that we are the
leading oceanographic research Nation in the world? Is there any
og.hgr nation with as large a fleet of working as hard in it as we
are’ ‘ ‘ - !

Dr. KNnauss. The Russians hdve a much larger flest. They. clearly
have many more research veéssels. They&@.much more. work than,
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md they have very bright people, but the system is impossi-
blé: use of that, in spite of the fact that they have more ships
and a lot of bright people, we still are the major research nation in
the world, as far as oceanography is concerned. ‘

Senator PeLL. Do we have any exchange programs or relation-
Shif with our Soviet opposite numbers? .

. KNAuss. We have had in the past, of course, and, to the best
" - of my knowledﬁe, there are no official bilateral programs presently
in place with the Soviets. There certainly are still a fair number of

informal contacts that continue, the exchange of reprints and this

sort of thing, but I am pot aware of any joint programs for the So-

viets at this time in oceanography. I might be wrong, but I think

that is the case. ' - ’ : .

Senator PeELL. Were there joint p s before Afghanistan, or
is this one of the casualties of the cool relations between the Soviet
Union and us? ‘ . "

Dr. Knauss. Afghanistan was certainly a maﬁ:r reason for it, yes.
For example, the deep sea drilling program, which has the Glomar
Challenger and now, more recently, the Fedco 471, which does the
drilling all over the world’s oceans is a joint program .operated by
the National Science Foundation, which had as well as the United

", States, the Soviet Union, the United Kingdom, France, and the
" ¥ederal Republic of Germany, and Japan. As of a few years ago,
. the Russians were out. That was, I believe, specifically related to
Afgganistan. T
nator PeLL. Thank you very much, Dean Knauss. I look for-
ward, when the record is transcribed, to having a chance to read
what I missed by not being here. I appreciate very much your
coming down. - -,

Dr. Diaz, in connection with your presentation on brain ﬁrowth
research, | was curious: were you touching there on the physical
aspects of.it, or were you touching.at all on the ps'ychologcal as-
pects as to the development of the brain?

Dr. Diaz. I believe that the expression of behavior is in fact the
brain functioning. So, for me, I do not make a distinction between

hysiological and psychological in that senge. Behavior is a physio-

ogical event. | was referring to both. The first thing to do is to de-

rmine what are the deficits, and then the next step is to say,

hat difference does it make? So a person has a 10-percent brain
deficit; can you notice it, will it affect their lives so that you should
avoid it? That is- the permanency and thé exact nature of brain
deficits that occur early is what we are hoping to continue to inves-
tigate. : . ,

Senator PELL. If the deficit occurs in the left lobe as opposed to
the right lobe,‘or vice versa, would that have a different reaction
on the person's behavior and thought processes?

Dr. Diaz. That would not happen.. There has- been much ado
about left-brain/right-brain differences. The fact remains that we
do deal with the whdle brain. Except in unusual cases, both liemi-
spheres are receiving information, and it is unusual if you have a

~ trauma that would center on one and not the other, not unless it is
an injury of some sort. . .

Senator PeLL.. Do you believe there is any difference between the -

left brain and the right brain?
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" Dr, Diaz.'I think the way thescerebral cortex is organized and
~ the specializations that occur have been documgnted. That is-some-
- .. thing that cannot be denied. ° . o
~‘Sepator PrLL. In other words, wne is fore creative and the other
is more mundane? - o . : ' :
"Dr.'Diaz. I am not gure I would &xactly agree with that. _
Senator Per1.. How would you chagacterize the differences? ’
Dr. Diaz. I would characterize the difference in the sense that
there i980 much processing that has $o occur\go much higher-order
processing that Nas to occurthat al that pafticular level, redun-
. «dancy is nl;g goikgeto be the modt efficient way for an organism——
Senator PELL. What? L, Loy ' : » 4
' Dr. Diaz..Redundancy: to have it’bilaterally represented. It is not
" the most efficient way of processing that information. Not everyone
is a8 lateralized as the popular literature would hgve you believe,
andsthere are people who do in fact have many functions that are
bilaterally fepresented. The cgpability of recovery of certain func-
.+ tions is possible. L .. R
. " Senato? Pe}. But that was not my question. My question was, do
- s you, Dr. Diaz, feel that there is any difference between the left Jobe
. and the right lobe? - * ‘ ‘
v,  Dr. Didz. Yes. ' a
* Senator PeLL. What are those differences?: ,
Dr. Diaz. The difference is in not the exclusive lateralization of
- funttion but in areas»taking primary responsibility for certain
" . functions. So certain areas will take the lion’s share in performing
certain~{asks, but that is not to say that it is exclusive, it is not to
say that we are two-brained. Under normal circurhstances, there is
communication between the two. .
Senatpr PELL. 1 agree with you, creative versus mundane is not
too good. How would you describe the differences?
. Dr. Diaz. I would n:é characterize one hemisphere over the other
in those terms. You could Just go down the list and describe what
» gx‘nctions may be-lateralized® on one side and what may not be on
. the other." ™ :
[Addifional material supplied for the record foltows:]
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- * Teanx Sirest (43r%, cAaritan Jaramic Jociety, 1983

. -
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I am Anna Harrison, president of the American Association for the
Advancenent of Sauu;n. Hr-;e. & few words #bout AAAS. AAAS has &
Iﬂbct"l.nip of approxméoly 135 thousand. THhis eiscoupu‘us & wide arrsy

of individuals profoutonally involved in the ancsuntion of physical,

chemicsl, bilological, bomﬂoral.. : al, pout.icu and  economic phonoum

and the use of physical, chemical, biologicel, bcnavtoul. sooial,

’

. political aad ooonuuc phenomena to solve prodlems snd rmlve sm

The unique pot.mt.ul or AAAS tn its upacuy to faouit.an mxca-
z{on among 'the jrest sultipiicity of solentific, nginesring and -elated
professional micﬂu{ to provide mechantisms to address stun of

" oontern to these organizations snd to provide public forums to’address
“etasues whiach Lﬁv.oxvo the relation of saience, sngineering end t.oclmoiosy
to society. The activities of gtjg reflect 1ts .strong commitment to the
use of soience, enginsering and teohnology to enhance t?-o quality of
life of this and mo‘?m‘ generations, ‘

We have a vital interest in the .1‘"1 and the n:o of growth of fed-
eral supporé for innsu;uuons in mathesatics, science and sngineering
am.i for education in aaenenntcs.' science snd cpinnrtns at all levels.

| The $1.5 billion proposed FY 1985 NSF budget is very resssuring. In
a period of slarming nationsl deficits,” *his 18% increase over the $1. 3
nxluon of the FY 1988 current plan demonstcrates the commitment of ine
current admmar.r:uon to the support of =mathematics, science and engi-
_ neering research through the National 3clence thmd;r.lon. The overall
. increase {n NSF's 8D budget (s aqbin one of the largest &D lncreases

.

omong the faderai agenctes,

o ] . -
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To asseas :&o ¥SF budget, {rom the stsadpoint of AAAS, requires an
inspection of both m cagnitude and the rate of ;rovth of proposed obli-
‘¢gations by activity and subsctivity. ‘The n:tachod tablc is eaaentxnlly .
the budget susmary table given on page 32 in tha green boqkle:. National
‘Scienqe Foundstion Budget Summary Fiscal Year 1985, with one column
. deleted and two colusns sdded.: The column ‘deleted is the Lmr.c'-ennl\
difference bdtwsen FY 1988 current plsn and the FY 1985 proposed budget.
. The added oolums are FY 1980 (sotusl) and the percent changes {rom '
FY 1980 <0 FY 1985 oorrqeod for uruuou. Thers have. bnn‘a feu
sorréctions of minor magnitudes in some of the figures in the NSF Budget
" summary FY 1985 table as published in the green booklet.
‘ My foous for the moment will be upon the first ‘four directoretes.
These four directorates socount for $1.2 bfllion of the FY 1985 budget
ot I shall refer to these dirsctorates as the four RSD directorates.
Two other directorstes will ‘be comsidered separstely. i
The FY 1985 proposed budget to',r’ esoh of the four R&D directorates has,
. a very sxinutf.:anr. ncrease eo-pu."ed to the FY 1988 current plan, renging
from 12,5% for Biglogloal, scmvtoul and Soclal Science to 21.63 for
. ;nstmrtns. ALl subacuvn.iesut:hin the four directorates show signifi-
cant real growth, ranging t‘ro;l 8.2% to 2%.3% in surrent dollars. ’he
p‘r.r.crn of anreases for FY 1985 is very similsr to that for FY 1984,
although sltght.ly less in msnn.ude. '

An inspection of t.ha subactivities of these four R&D direc..ornas A

tcate that thrae of thne (our deal primarily, but not ‘exclusively, with 10~ )

-, '

=~
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vestigations in nimuﬂa:, fnvestigetions of puy&u cod' cheatcal
phencuena, and {nvestigations in the use of sathematios end physical
phenomena in solving problems. These three dxrmnéu are:
Nathematicsl and Phyainl sauocn, Entheertu: sad  Astrosomicsl,
Atmaspheric, Elrch and Qoean sohnc;. with a wtll proposed budget ot

$0.98 dbillion, NSF suppm:ud mvmtyﬁvu\of biological, dehavioral,
socisl, political ul)d economic phenomena, and the use of diologisal,
benaviorai, social, politioal m‘eobponte phenomens in solving probless
and resolving issues are primerily, but aot ‘miro'ly. grouped togethér t.n
the fourth direstorate, Biological, Behavioral, snd Socisl Sciences with a
paﬁpom budget of $0.25 b.uiion.

*a somevhat different pattersn of growth mu if the mm FY 1985
budget ta compared with_the FY 1980 (actual) budget. By dtmborltll. the
peroeat changes from FY 1980 to FY 198§ (corrected for inflatfon) range
from u decrease of 1,28 for Biologlosl, Behavioral and Social Sciences to \
an increase of 319. 2‘5 for Engfn«rtm By subsotivity, percept changes

rmo from n deoresase of $88.7% for mul and Economic Soiences to an

xncruu of 7! 5: tor Electrical, Computer and Systems Engineering, For

the five-year period, the funding of $wo other subactivities also
decreased. The decreases are .23 for Benavioral and Neural Sciences and
18.2% for Infornstion Science and Tecnnology.

I raise the quescion of the adeguacy of the nnional mvesr.:nent in
the {nvestfyatiun of biological, behavioral, sogul, political and economic
phenomena and the investidation of the use of bioxogical, behavioral,

N »
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sooial, political and ecauomic pheqomens tn solvigyg problems snd rml.gtm

tssues. Ibis 13 s very fundaseatal qmsuon. The sasuer 1s 8 vamo ’?’.

Judgment and cmouynmtormmtmbymwbuewmm-

rogetes of the pudblic - those clcct.od by - the public and those mpointed by

those elected. '

‘ro explore the qunuon favolvas a coutdorluoa of the ways scionnﬂc

snd engineering invnuuuom serve the piwnc gaod. SO“MQ. the ine’

_vestigstion of phenocena, generates a body of soientific muhdn congist-

ing of a dats bass, nmyafmﬂolﬂnndmmofw-ﬂn.
Engineering, the investigstion of how to smlve probless, generates-s body
of mtu«m‘ inowledge consisting of a dats dase, an 'an'-ly of methodolo~
gies and an srray of copcepts. The combined body of knowledge drves
soalety in st least three significant ways.™ ™
1) It eshances our ospacities to carry on forther investigstious of
phencmena and furtier investigetions of how to solve probleas. ’

-
2) It i3 in part the basis of our peroeption of owr physical,

' blological, social, pokitical snd economic environment, in . part the basis

of our perception of ourssives sad our relatioas with others and xn. part
trhc b?sfs‘o‘? our perception of our sapabilities to carry on "(nrthbr
tavestigstions snd to solve problems. And, i
1) it fosters technological ln_muuon, supports ucfmolosy {the
production and delivery of 50;;03 and services) and supporys the sffective

'

use of the products of zacnnology.

<
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" Approxizately three quarters of the proposed FY 1955 budget ‘for the
four 180 directorstey 18 for the support of lavestigations §n msthemutics,
invéstigations of physical and cbenxcn.phmu snd uwo igations of
hov to solve probless (mlnurin.) ustu physical phenomens. -

The scientific, engineering ﬁn ucnnolosicd. micykcmt solve
aoouu_l 1ssubs. Only society can solve societal tssues. Scientists and
engineers oan identify issues, assess zb; sature and ssgnitude of the
issues, identify aress requiring further 'hwo;suuttm. propose :e;nno-
logical options, assess the probsble .po{tun tlpmu snd the probable
amiin impeats of each option (mx;nm the épuon to do nothing) en
society, Sooietal issues have to do with the quality of life and decistons
having to do with the quality of 1ife are mattn of the pnbuc snd the , -
surrogetes otmpubuc. mmdmasm_umwmme- : .
pertiocular option, scientists and engineers ;un » great d,oax to do with

-the implementation of that optioa.

.

I coansider the selective use of tcc!'uolosy to enhance the quality of
}tfc of this and succesding generations to be one of one most significant
sociletal issues. Concerns related to the quality of }ife inmclude national

def and national economic growth but are in no sense limited ¢o those

two very significant {ssues. :

Every_technological change, brought about by either transfer or inno- .

vation, has- s negative impact on society regardless of how grest the

posftive impact of t.llt'ac. technological change upon sociaky. There ik mo
direct proofl for thid stasoment. For some years [ have chﬁuenged
% ¢
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susiences to cite exsmples of teohndlogioal chenge for wbich the statement
* 18 not true. I still know of no exsmple for which it.1s not trus, The

'subset of society that derives the besefits may not be the subset that

besrs the :.lrdcm. The time frame within which the benefits become

svident may De quite differest from the time frame within which the burdens

become evident. Thy mature and magnitude of the benefits mey be quite o
different from the nature 8od the n.num of the durdens. The ts, of .

courss, to selfctively use techmology to enbance quality of 136 snd

more equably disperse the bemefits sad burdens of teohnological ohsage.

Ve have yot| to davalop gesérally ssoepted quelity of life indicators
snd the practice of using econcmic ms«muum:avm:xmn
M:iuu-m;mgrﬂm ' 5% cannot, be dissggregeted to b
monitor identifigdle subsets of society in. sucoessive time intervals, -

T

The sweet/bitter consequence of beshnologieal ehange is not o cnique
charscteristic of technological change. 'x: 1s instesd a characteristic of
change ~ all soqoisl, politiosl and economic change. The goel of tech- .
nological transfer snd t.oe!s;u‘louenx ‘tonovation is change. ' !

Traditionslly, .onslmrtns -has been the investigatios of problem
solving through the utili;ltton of ghysical sad chesical phenomens. J‘m
_subsctivities of the NSF FY 1985Wiliget of the Engineering Dirsctorata B
encompass this type of engineering. 'rod_ny. enginearing also mpus&a
the investigation of problem solving utilizing biological phenomens and

terms such as bicenglneéring and genetic enginesring have become & part

of our language.
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Paraliel spprosahes to the soluticn of problems and the resolution
of societal issues involve and utilize behaviorsl, social, _pl.tucil‘ud

economic phencmena, Societal issues such ss sdbused children are oaly very .

remotely~related to physical phenomens snd the resolution of such {ssuas
1$ 20t t0 de found in the utilizstion of physicel phenomena, Even the
rnoluuda of issuss, such as waste disposal, whioh do favolve physical,

"Mmmnowwm.ﬂm-ﬂ:wmmmtm of a .

[

i

. s". host of behavioral, social economio and political probless as well as the

developwent of teotmologioal options involving physical, chemfcal and

, biologicsl phenomena. The spprosch to the resolution of {ntermational
‘sonf1igk through segopaticn 1s highly dependent upos the kuowledge end

understanding of the social, soosomic and nuuul structures and’
priorities of the nations j.nvolvd and mn &oueanuu of the relation of
proposed solutions to those m:w and priorities.
reumthdmcyotmn“rdmfwmummm
biologissal, bmvtorll and sooisl soiences goes far deyond s uouidonuon
otmmmos um«mmmnmsmm lﬂ'vou.ld aupport
less then 173 of the total federal basic resesroh effort, \fo are a2ll
femiliar with the support of investigation of biqlogical phenomena in de-

pertments such as Agriculturs ied Heslth and Human Services, Other sources

of support far investigations of behavioral, soctal, pouuc;{'md economic

phenomens areé not as visidble. -
I s a physical chemist and sm well aware of snd very proud of our
Nation's tremendous capabilities to investigate physical and chemiosal

phenomana, to use physicsal and chemical phenomens to develop technological

9 -

e
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aptions snd to use_the duts dase, the methodologies and the concepts of
the pu{ncal sciences and ?r sngineering to investigate biological
phenomena and to mvuuut‘e extremely large and complax systeas such as
thé oceans. The capecity of this Kation to p.lln and undoubt.edly;{ld and
effectively un the long base line array of redio telescepes is an
elegant display of past mpumu md ourrent cap‘gbtlit;es. It s
exaotly this pride in the past and this confidence in our ourredt ‘
capsbilities that leads me to be 30 concerned that limited wa and
soderstanding of behaviorsl, scotsl, political asd economic.phenomena
could inhibit t.h._unluuo.n of socistal Lmam.un.m.m of the
quality of life, ’ - "o

moulsaowmontzummnumt,nofmﬂ«mﬂss-
neering and also the growing unity of solence snd enginedring, even
though the disciplines of science and the disciplines of engineering are
rapidly 'proufeﬂeiu: The AAAS Bosrd 1is in tho process of taking to the

AAAS Council a recosmendation for a chanso 1n AAAS gosls to recognize and

'faexut.nte the growing unity of soience m,mtamtm and :ho AAAS would

support the 1nvéo:isa:ton of sechanisws to bdring sct_enct-nd -cnunnri.ng
closer eo;em:' ‘fn federal sgencies.

n;_o Scientific, Techaologiasl and International directorste (STIA) is
quite dxf‘rerept in structure and foundation from the four R&D directorates. ’
One of its more inperesting features is that it coordinates a number of
activities which are carried out by the R&D dzreér.araees and funded thraugh
the R&D directorates in the proposed FY 1985 budget to the extent of $80.7
million. These special acnv“iues include the NSF golll Business [nnove-

~ion Fesearzn ?rogram, “ne Indo-US Sqience snd Technoiogy initiative,
b
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Research Qpportunities for wa-u rrmamm Youhg rnvmuaton Research
Avards sad Support for Predbminsstly Undergraduste Institutions, This
mhmmwucmmwmmmnﬁpmmtn
charscteristic of NSF R&D directorates, It 15 too early to assgas the
success of this h. In principle, I find the spprosth attrective

and suspect that the ree of success will be closely related to the

‘ ‘quality of averst thin STIA and also the level of oversight of the

NSF Director. It will require diligence to sasyre that these activities

© 80 not become diffused and possibly distorted or diverted by the MD

Al

étmtmw
umm- subsotivity of s'rn ‘4 poliey rooureh and n&ysu. 1 be-.
lieve that this should fnvolve two types of rnuroh ad I am m confident

-

that 1t does. The:two types of research are: 1) research on science

policy as a discipline and 2) résesrch and analyais ss s basis of forwu>
lsting agency or goyernwent policfes desling with science, technology and
natursl resources, Both f:'ypu of rasesrch and analysis are Ahpordnt. but

they are different. 1 bclﬁn that it is important to recognize end sain-
. - /

tain the difference, In the first case, the investigator is a student of .

science policy und. pres_m.bly has no vested ioterest in e.he outcome or‘ the
anaiysis.  In the second case, trg.' invesaigator b'ecoug's a \p’ar:tcipnn\ in
she formaticn of policy dasling with ac.‘.cnde. technology m-natul_'al "
resources and may impose personsl v‘um judgment on the 'ogltcoue ofs t.p.c

i
analysis, There is ample evidence of sesearch of the second kind. ‘;t is

. not clear how much support i3 given to investigstions of the first type -

'
€ v
.

¢
‘

¢ ey



' shlps. rnu wcn-utnbushd progren resiains intect. !

-Congress will 1ntorvenc and inpreass She mndmg for prcebuc;e education, .-

mm casential to the ‘development of the discipline of soience
paliay. Am first type of research parsilels the type of research - ’
easemtial to the development of tne ampmp of chemistry. ' '

' sﬂﬁ n-o has the’ rupouuuny to comduot surveys snd mnuu the e

saience resourds uu buc.\ AAAS places s buh valus on the potesntial

“isefulness of this dsts dase for resesrch, includiag resesroh to assess the .

entey of women, aigorities end the physioally handicepped into sofentific ~* '

and cn‘huﬂnc Sarsers nd the nounut of women, minorities and the .

. -

physically hendicapped up the csreer ladders of nimtm ond engineering
mmum ﬁwmummmmmmmm A

mmtneuum m&:um«wn«m
" information, . P

mnxmwmhmmmmmumem

-mem is stated'1n terms of two subactivities, Gratuste Researct |

Fellowships and Prooounc soim and Mn-atiu mmcm
A modest Lmom 1n fumding for r-umasn prayqou for s -dnt. - .

w«mumm«or rolmmnmxnmm.orm. f.nm,,. L

The proposed FY 1985 budget is 225 lover them the funda made . ., U5 7T
dvatlable under the FY 1994 curreut plan for Waﬁe«g o ‘
mathemstics educétion.

- { find this action to be sbsolutely amwxns. Svcn sssuning that

the Science and Engineering fducation ox\‘.ct}nu will mve been ¢eaicd ..hc
opportunity to design and to present 2 coherent proygram, Thc eourn taken

- !
N

h ]

-

*
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- by the Directorate sesms to be the presentation of a very nedulous aray .

of pmm that far cxcudn the level of funding ssle available in the
_propoud M;cf.. There will vadoubtedly de proposals aatl soné meritorioud
. -s

propouls uul be fundcd but thgre will be 0o 1dmtu’1¢blc thrust by the

mtoul Somh Foundacxon. We need lndcrsm.p from r.m lntxom Sctmco

Foundation in prmuqo education end in my gpinion, we do not have it.

-

. 1 serve gn the Fduestion Coamission of the States Task Force on Educa-

. ti0a for, Economic Growth and sm well sware of the initistives being taken
umyofmnmu lmdynammmofmxmorm;vatm
governors of those ntpuo m progreas deing mdo 1. llprmin. These,
utuutvu for thé wost put oddrou the mlroucat h:lthu vhioh educe-
tion f.nku plm the mmber of rmtrd ooyrses, pay fQr teachers, the
luﬂ.tbil.ity of Oqu.put. 1«3&&;&- lcbool day, the Imth of

1 ydr, dtntpum. ‘ata, They do not- und to address the nature
ucat {onal nporto‘mo’ itself. 'To address r.m aature of the educa-

{ence ';n sathematics and cﬁme for all students st the pre-
- [ ] :
L]

college lavel is, to_pe, uniquely sppropriate to the National Science .

-

N ) . “Roundation. In the smorgasdbord of programs Gentioned in the supporum .

budg_cc docu_nnt.a. there n}'u owftmu -address the nature of
s
em)cauomu experienc.‘bul theré is no thrust, The value of - the wnole ‘»

£
s

shduld exceqd the value of the sum of tg parts. . e

- -
. - . g

L The place of the NSF in trccons:': -sducation must be addressed by

-~ ' . ¢ -
- ' Copgieds dufing this session of Congress. The Nationsl Science Board
(#SB) Commissfon on Pre-College education {irst met .in July N]QZ; it
e . ! - .
".rlnsnit.ted fts report to Congress,. and to "he NSB in September 1983. /
4 : .
. .

‘e - - . -
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entirely

An :Ko Inuﬂuuonn Setting (up:-bor 1982) and {t 1is not necesssry to

restate thosd principles here.

80

.

tble uss. -

(A copy of the Soard um: is

=]

nunmd }. We urge & stable rats of gmf.n in the supporf. or prosrau

coasistent with the NSB statement.. Gne of the AAAS .otivtuu is to me

a3 the secretarist for the Consortium of Aus Affilisted Sﬂmttttc
- - . o . -

Societies for International Progrsss. The Comsortius provides a

communication systes .fbr sbout 70 soientifip and engineering sodieties

with internationsl 'progress.

Acoess to Mu_tcr faoilities sd elestronie iaforastion systems.
o [ J

AMS recognizes t.hc essentisl nsture of resdy access to appropriste

Qonput.cr facilicles md to sclmuflé snd cn;lneorms information for all

sctcut.un and engineers ip all seientific and mineerlng dtsctpunu aad

we urge NSF to assist schentists snd ensinurs to discover’ the por.m:ul

af conput.er methodologles appropriate to their ruurch snd o facilitate

access to computer facilities and {nformation syst.ms through, metworking
and siting sppropriate computers at strategle locauons'.'
make the plea :ﬁa’r. scientists and ;mlncqrs.; in subduc;pu:‘_es that mve‘
yet to' embrace :molenear:edly -computer m:maclogiles, be i{nvolved in the

;t.ra:.ggi

a2

1L 4O £S.
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BEST COPY AVAILABL! -

plannmg far “he iastallation of

¢

r‘-. ?

*

-~

Pl

’

’

In particular,

*

o‘pu:ers and the developuent

<



L

o

O

ERIC

Aruitoxt provided by Eic:

-

.
’ 81 )

We reqognize that computer genirations follow computér generatians
. . . ’ .
and. that osnly long-ferm planning css insurs the svailadility of the latest
generation o} ociputer systems, ‘Access and uﬁtltutiofl to these advaaced

computers and ‘information systems (s revolutfonalizing the ways tn which

-

scientific and engineering investigations are carried out. This is an

r L]
iasue that goes far beyond the capadilities of any®ome agency to address

in ap adequate fashion for the nation. It calls for strategic thinking in

terms of what are appropriati national m;io.ns -= governmental and private -

i 4

’
Adainistrative ;ué« )(nrnom.l commants) The sofentific and

- & S ,
engineering comsunity was shaken by the circumsteances under which some of

~- arid how the support shall be proviged, - "o

the asaistant directors at NSF were asked to leave in late 1982, At the
time, I wes assured that I um:m ba reassured when ths identity ;r the
repl acementd became known, The sad feot 18 that five of the directorates
discussed {n this statement are still operating um_.r.m lesdership of

acting assistant dineotors, Equally troubling {s that several of these '
: &

Ll

. acting assistant directars continue to fulfill as well the

responsibilities of the positions they neld dbefore the appointment to'an

Yacting assistant director. This ﬁ not reassuring to the sciantific and

engineering ommunity, v
)

Second Comment.. During the last years that I served on the National

» .

Science Bosrd, I chaired the Pn'::ran Committee of the Board. ' On the basis
(]

2f that experiencd, I strongly support the recommendation of “he Chairman

of the ¥ational Science Board to amend the NSF Act %o sllow the Board to
‘elegate the Dirpctor spproval authority for grants that do not exceed 36

v

Blalion Ln tonde or 303 will.on (0 any Jne year. Ssan La 13T oang 1373
¥

»
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. lﬁ'p@\d’ 5 millton cxanutnly focused the :r.cmion
LA md it was uun:nny hpouuh to dcnlog an
\:.. “ L t.xvt:tu,o l&Ptn m support of small uimc.
- {*\.\‘ X '. . -\ ~‘_a ‘ &
o , 9! ‘,,{rl’?n m_;) I regret the pattern of
DAY y
~.\_"‘\ pttl e oodluup: to soienog and mimtu wducation sgainst
A RILYS - T
Ry at RR h in science and ineering. nn of us ¢ ver
NNk My souiaveriog. oy of 18 1500
: uﬂ; % oef the enesy sod 1t (s us. We gre comaitted to vboth. This
N *byg Fey s \chomm by the frequently reqoourring pattedn of a very
) aar B v

' "‘Moﬁ for soience sod engineering sduostion being rsised by

€ \_‘.) PR if'

. m'nd \transferred from resesrch to education.” orMm gane

tncreasing the total WSF budget. The net result is sz
cn:znnxupummxm«umumm.yu hm(c
divisive 1t 13 to the scientific and enginesring community. Nesearch end
, dmuon are synsrgistic snd they should de pcrcund to bde amtsuc.

L] e &

general Comment. (rorooml oo-at) The NSF FY 1985 proposed ,
. bugiget is = strong budce: and any crtuoim that I have ado md qu“uons

* ) that I have raifed are derived from sy confidench that NSF is's vftn
foundation md thet it {s fully cnmh of' provtdms sn eveén higher level.
of leadnrsni“d service to the scuourxc and. enginesring comsunity and

<o the Yation us a whole.
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Oesr Senator Hatch: RN /:‘;','{' ¢

As the world's largest sciemtific society dedicated to a single disci-
pline, the American Chemical Society offers ‘the following observations on the
Adnigistration request for the National Sciemce Foundation for FY 1985. Our
comments focus o the proposed funding of chewistry resesrch, factlities,
instrumentastion, and science educatfon, as well as on the general state of the
chemical sciences, and how the federal govertwment can continue to sdvance it,
We hope your Committee will find thesa comments Melpful tn your deliberations
on the WSF suthorizat fon. .

The teportance of chomistry to the national well-deing must be fully
recognized and explofted. Chewistry ispinges op virthally every aspect of ow
daily lives, s fundamentsl to such vitally teportant sciestif ic'endeavors
as petrochewical catalysis, processes, high perforsance plastics,
advances in medical scifence and {alg and new electronic materiasls and
devices.éln interdisciplinary sci and hmology, chemistry is critically
taportant’ in understanding synthesis and properties of metals, cermics, and
relative to adhesion, wear, cor-

and biocopat ib1lity; electronic, optica] and mignetic behdvior of
waterials; and developmeft of medical devices asd materials)/ to name jvs.t a

. f“. . - ~ .

L]

While the Society u-)tumm to sae that the NSf FY 1985 budget for
chediistry is slated for a healthy increase, the oppoftunities before us in the
fiald could jastify a far lerger incregse than what is proposed. Beginding
with an tnadequate base, NSF funding for chemistry over the last decade barely
kept up with Inflstion. At the ssoe time, the cost of deing research ross
much faster than inflastion, because of the increasing sophistication of re-
search instrumentation and the fncreased fost of the support structure needed
to carry out high quality 7 As s result, smany expellent research -
projects were funddd {nsdequatély, and many more could be supported at all,
Meanwhile, the, support structure for both ressarch and chemical educption
cont tmyedeto deteriorate dug to lack of resources.

-

-
-

M
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Ne mid- insure that prosising resesrch directfons are fully explored,
gwarantee that the humen resources needed by our industries are forthcoming,
and maintatn the research and education support structure necessary to a ' .
healthy discipline. -In this , our major polnts on the FY 1985 authori- -
zatfon can be summgrized as follows: .

o In genera), ACS is pleased with the proposed NSF hedget request for

chemistry for FY 1985, although greatly increased support could easily
- be mada use of. ~ .

o ACS favors the planned increase fn NSF support for instrumentation
purchases, and also recosmends that funds be ivailable for operation
and saintenance. :

o The government should study the problem of aging facilities and what’
) impact this has on $.S. science. :

’
LY

. @ ACS favors the planned NSF effort in supercomputers, byt stresses that
: } - the commitment sust be a lopg-terw, sustained one.

e ACS &glauds the efforts of NSF ip developing {pechl progras to
encoursge young investigators, women, and minority students.

¢ ACS favors an increased NSF role in 'preconeqe science and mathematics
educatfon, byt believes sore support is needed than his been requested.

M o [In general, state ;)oven-ents and the pﬂute sector need to address
the problems of education and .gmg facilities, since the federasl
governwent cannot solva these problems by ftself.

enc losad discussion paper goes into all of these points in grester
deta ]

The American Chemtcal Society is an Individubl menbership organfzation of
than 130,000 chemists and chgmical engineers.reflecting a broad spectrim
of academic, govermmental and irdustrial pursuits. The Society sporecistes

‘ th1s opportunity to submit its views on the role of the Natfonal Science
- Foundat fon and the state of the chamical enterprise. .
' o Sincerely,
. Warren liWnr
P SR
PR £nc losure )
\ \
- - ’ ,
-* . .. . o
' ’ > ]
1 ’ . | .. | \‘ \.
f§F " N ‘ - -
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. . . .~ 1. *THE VITALITY OF THE SCIENCE OF CHENISTRY

. “This 1s a time of special opportunity for- istellectual
, : - advance in chemistrx. [t derives from our developing abtlity
_to probe the elamentsl steps of chemical change and, at the
same time, to deal with extreme molecular complexity. Thdy
- account for the recent acceleratian of pro?-css that gives
chemistry unusual promise for high return from additional. .
resources.* .. : . .
These woids, from the panel of the National Academy of Sciences which .
recently briefed the Off ice of Science and Technology Policy on.selectud
- opportunities for research in.chemistry, capture the vitality of the chemical
+ scienchs. The panel noted three promising research frontiers in which immedt-
T & e funding increases would provide dividends: (1) Understanding Chewical
~  Reactivity; (2) Understanding Chemical Catalysis: and (3) The Chemistry of
. _ Life Processes. A total of”g7s sfillion in real growth has been recomvended
. for FY 1985 as appropriate to take advsntage of thesd opportunities. _About
$50 mi11iom of this growth would be in NSF fynding: R

: ‘The timing of the OSTP research briefing (October 13, 1983) was rather :
late in the cycie for the NSF budget formulation. - We hope that is the reason -
for the much ssaller fncrement that appears in the budget of the NSF Chemistry
Oivision which rose $12 million,” about $7 m1)1ioh above inflation. Neverthe-
less, ACS 15 cognifant of the current politital realitfes, and therefore we
appreciste the modest but real growth in-the FY 1985 budget of the NSF Chew-
istry Division budget. We mention the NAS recommendations to indicate that
mych hi funding levels for chemfstry would not" be wasted. The ACS recom-
mends that the NSF designate increasiflg funding for chemistry research as n/
major initistive in 1ts forsulation of the FY 1986 budget. _—

< . .
- . .

II. MAINTAINING THE PHYSICAL nm\s\tms FOR SCIENTIFIC RESEARCH*

& .
. A Instrusentstion A . o
. The ability of our institufibns of higher education to perfué research ¥
. aQd educate students is incrleasingly dependéht upog fccess to to-date -

- fnstrumentation. In research such instrumentasion {s needed for bot) odserva- ,
' . tiom of ney phenomena and testing of theeret ical models.

Recent surveys, includifig one conducted by the ACS Comwittee on Science,
have shown that our graguafe and undergrsduate departments of chemistry and -
chemical engineering havé Fallen bebind in this ares. This prodlem is .

©  aggravated by the fncreqsing difficulty in obtaining matching funds. It is N
© ' estimated that substantial expenditurts will be geeded in order to grovide °,
adequite instruméntation to our colleges and uniyersities. Both private gné_

' governméntal sources must bg tapped if the problem {5 to beVeffectivhly
addressed. . Lt .
) ¢ .0 ! - . ' -~ '. N
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The ACS commend the NSF for the steps the-Foundation has taken to ‘fn-
crease support for scientific instrumentation. 'The Society urges the NSF to -
tontinue its effort to fund dnstrumentstion purchases, and also favors support
for maintenence of the Instruments, once acquired. At the same time, we hope
the Foundation will assist{in gathering and disseminating information about
siternative financing mechanisms which academ{c institutions could use for
purchasing instruments. In short, we strongly urge Congress and the Pounda-
tion to continue to pay speci&l attentfon to this major weakness in our . .
nation's ability to perform academic research, *' ' .
- 8. Facilities L ‘ -
—_— ) : A Y '
A - «There are signs ‘that our physical facilities for scientific research and
¥ - education are deteriorating due to age, snd that schools have difficuities .
finding the capital for buflding and restoration of facilities. We should not
* . ignore what may well De a great problem abead. However, the magnitude and ,
nature of the problem are not, well understood at this tise.

The ACS believes that the {ederal government should sponsor studies to -
devedop’ an mderstmding 2Pthe prodblem. It should be recognired, however,
.- that {f the magnitude of the problem is great, the federal government cannot
be expected to solve it-by ftself, State govermments and the private sector
. sust also bear part of the responsibility for developing creative and innova-.
tive spluttons. . - .

- - -

-c.’ utars . \ .

e« .+ - The ACS supports the new NSF ef to make supercemputing facilities
available to its grastees. The plang highlighted by thé Dfirector of NSF
rep t a good beginning.  ACS 1s most concerned about ensuring that the
eff backed by a continuing commitment to fncrease access to super-

\- - computers Yor academic resesrch scientists and &fgincers. [t 1s crucial for

- . the National Science Foundation to take the lead in this area. ’

y ]
The' Task Force 3n Large Scale Couputi:g of the American Chemical Society
has just completed a review of the kinds problems in chemical research S
which can be studied within a reasonsble amount of time only with the use of a
supercomputer. The Task Force concluded that supercomputers will-be important
to chemistry in three brosd areas: (1) mumerical cdwputations and sisulstion; *
«(2) qrtifdcial intelligemce incliuding expert :systems, pattern recognition, and
symbolic manipulatfons; and (3) the develapment of and access to very large
. _scientific‘data bases.
. & .
Also, the chemical sciehce comunity seeks . artkipa’ n some form of
interdisctgnmry network --ngt necessarily a single con onal network--
! which woull permit terminal-to-terminal comunicat fon 1 individuals; .
ready access to mmerical and biblfographic data bases; access to calcu-
Tating supercomputers. This network should sllow fast efficient transfer of
large guantities® of information such as very long prograes,

« .
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~Prajecting into the future, the Tagk Force also recognized that certain
pro:;?s need to he addressed 1f our scientific enterprise is to proceed -
bay the stage of pfecemeal use of supercomputers.. First 1s the need for
users to sgree upon some level of standardfzatfon in formats, descriptive
vocsbulary, symbol sets, and perhaps other aspects of computing. Second, a
mechanism sust be devised for identifying the needs for large data bases. b

Finally, an effective feedback structure is needed between supercomputer
users, especially those at the scifentific frontiers, and the fndustries de-

-signing and constructing the machine hardwabé. Except in the natfonal defense

sphere, interaction between users and designers seems to be virtually non- .
existent in the U.S. : N

-
’ -
«

‘ HI. MRTURING THE HUMAN CAPITAL FOR SCLENTIFIC RESEAREH
A. Support for Undergraduate Programs ] &

The ACS applauds the Foundatfon's intent to fncresse support for, predomi-
nantly undergraduste fnstitutions through the research directorates. WNe -
understand the thrust of such support to be on research., However, a prodles
which s not addressed is that aduste departments of chemftstry have -
nowhere to tum to at NSF for assistince in modernfzing thefr 1aboratorfes.
Since these departments are the sburce of all of our American candidates for
graduste work in chemistry, federal programs should support instrumentatfon
:::d:e:gd the isprovement of laboratory facilities for Mergrmqte teaching

>

arch. &
S

8. Research Support for lew'lnvéqtlglton ' . D

It is appropriate that special programs be developed to encour
investigators, women, and @fnority scientists, and to ensure them the
opportunity to try to become-fully competitive when seeking research support.
The ACS appreciastes the great sensitivity shown by the NSF management in this
regard. -

We therefore support the Presidential Young [nvestigators Rgiearch Avards,
and the Minority Research Inftfatfon Program. We are also encodraged by the
Foundation's isfon to provide initial funding of $0.5 wi1110d for Research
Opportunities for Women. WNe hope that this modest deginning will be followed
by increased support in subsequent years. .

The ACS and its Women"Themists Committee are very pleased that the Founda-
tion doubled the FY 1984 funds for visiting professorships fros $1.9 to $2.0
nillion, and is proposing to mafntain this effort at the same level fn FY
1985, to respond to the substantial number of exceptionally high quality
proposals recefved.

In addition, we Feconmend that grants and contracts be made avaflable for
programs in science and mathematics geared to female and minority students in
elementary and secondary schools, and in higher and continuing education, and
that career reentry programs for women be reinstated, but modified to {nclude
reentry into academic careers, and not fust industrial careers as in the -past.

}

’ )
4 : 2
- BEST COPY AVAILABLE

)

J1



88 .

-

I¥. SCIENCE EDUCATION

The American Chemical Sogiety fs pleased that the Nstional Science Founda-
tion will continue to play an important role in helping solve the natfon's
current problems in science and mathematics educatfon. The re-establishwent
of the Office of Science and Engineering Education as a Directorate of the
Foundation is applauded by the Socfety as a proper recggdition of the ispor-

*  tancd of education in science, mathematics, and techno ¥. ’

Again, #t.should be made clear to all concerned that the problem is one
which the federal government cannot be expected to solve by itself.. The
government can and should provide leadership and attempt.to instill a sense of
‘the importance of the mission to upgrade the quality of science and math
‘education. But state and locel government, and the private sector, sust
becme favelved in order for these efforts to suycceed. .

While we are pleased that there appears to be a renewed federal, commitment
. tQ precollege science and mathematics edocation, we believe that the.federal
effort remains inadequate. Ne gontinue to call for the development of a
comprehensive focused policy that will provide Yong-term solutions to the many
. problems facing precollege science and mathematics. The ACS urges’ Congress to
' encourage NSF to qbtain fts reckssary complesent of knowlddgesble staff for
the Directorate of Science and Engineering Education. . . -

. The ACS believes that NSF should continue to play a major role in both
. initial and continuing education in science, mathematics, pnd engineering at
. all levels, from precoYiege to higher education, including graduate research,
~ NSF shotld also be the leading.agency to support the intellectual development #
of educational approaches, educational research and analysis, and ¢he dissem-
tnation of tnformation tn science and mathemat ics education, .

We rec that NSF, as its highest priority, focus its efforts.upon *
providing f to help current teachers upgrade their subject matter comfe~
‘ tence; and to ensure that' new tedchers are sufficiently cospetent 1n subject
matter knowledge to meet the standards necessary for state certification as
“fuli-time teachers in their discipline. : : '

Hence, 'we are pleased with the stated fntent of NSF to “broaden its sup-
port of in-service teacher training activities through local and regional
workshpps®. While uncertain as to the extent of this "broadening™, we trust

"that this implies an even greater level of support for this activity than
« found in the FY 1984 budget. .

The Society believes that the teaching profession needs to be made more
attractive than it is now, both in terms of remuneration and social prestige.
Thus, we support the Presidentisl Awards Program. We also consider the Pre-
college Materials Development Research component of the budget to be essential.

We view with a great deal of interest the attewpt of the Foundation to
initiate partnerships with business,” industry, and state and local govern-
ments. The utilization of resources from many or?anizations and institutions,
including professionsl societies, should bring all groups concerned dnto
closer working relationships with each other,

?

BEST copy AVAILABL £

s

) ' ' AN

ERIC 9%




89

We were, of course, pleased to learn that the General Services Administra-
tion Mas just npproved & charter for & new NSF advisory cosmittee to the
Science and Engineering Education Directorate. NSF should also establish
external revigw panels composed of knowledgeable scieatists. ntheaaticians.
and engineers to critigque directorate prograes.

Finally, ‘in the past, results--both positive and negative--of science
education projects have not been shared widely emough. Therefore, we appreci-
ate the intention of NSF to take a sore active role to ensure wide dissemina-
tion of the results of projects.

In conclusion, ACS supports the efforts of the Directorate’ to 1uprove the

quality of precollege science and mathematics education in this country, and
we stand ready to assist in this effort.

American Chewical Soctety
<8/11/84
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AMERICAN SOCIETY FOR MICROBIOLOQY Warmreovow, . €. 20006

April 20, 1984

The Romorsble Orrin €. Hatch :

Chairnan, Sonste Committes om Labor sad Bumen Resourcés

SD-428 Divkoeea Senete Office Building '

Wasbingtoan, D.C. 20510 %

Dear Chairman Hatch: .

- . -

The Public and Scleatific Affairs Board (PSAB) of the American Socisty for

Nicrobiology (ASN) wishes to ewbmit for your coneideration the following com-

rnt; oo the Fiscal Year (FY) 1985 budget for the-Natfonsl Science Fosndation

usY). ' -

[

The ASN is the largest simgla diologicel lifa ecience organisstion im the werld

with an active mesbership of over 31,000, Many of thees individuales ars engaged

in bological research and a sisadle owaber are recipients of xndt sdai-

sistersd by the NSF. A large cumber of aress are represented’ ir

» fintarests, iscluding smoleculsr seveticay photosynthesia, nitrogen fixscion, vegu-

1ation of gese sxprassion, immusology, ecology and othere. Our comments are

directed primarily-to fondimg for ressarch and tralning conducted by the WSF

Pirectorate for Biological , Bahavioral sed Social Sciences (BBS) and proposed

smendmants to the Wational Scisaca Foundatiom Act of 1930. .
The Adainistration has proposed a laval af spending of sbowt $204 nillion for
the bdiologicel eciences im ite FY 1985 Dadget vequest for the WSF. This repre-
seste an iucresse of spproximstaly 1IX over the projected FY 1984 expenditure.
The PSAB suppocts this fncresse as a positive step toward fulfilling WEF'e
mission to swpport basic resesvch in biolegy. Ve believe, bowwvar, that seen is
a historicsl perspactive, it i¢ & relatively smsll step towards tha restorstioo
of the proper role of the MSF ib the support of basic dlological research.
The sarioussess of the situstion is illustratad by the fact that the budget for
resesrch in biology at the NSF has remained lavel betwesu 1978 mad 1983 is tarme
of 1972 constast dollars. This represents s cousiderable satbsck if you cen-
sider the extraordinary growth of biological research dubing that period.
Sciantific opportunities in biclogy bave imcreased dramstically as = resylt of

' major breskthroughs in moleculsr gasatic techmigues. The B3S Directorats has.

had to make extremely difficult choices hetween funding evem a moderate cumbar
of grsats and swarding suflicient funds for the sarrying owt of ressarch pro-
jects by faveatigstors. It has bad to steer a highly wasatisfactory middlae
courss, as illustrated dy the statistice for ose of its compoments, the
Physiology, Celluler end Molecular Biolegy Division (PCN). Between 1978 and
1983 the average sward decreased by sbout 10T i 1972 constamt dollara.; Over
the same interval successful grant spplicatioos decresased from about 40X te
slightly over 30% of the total spplicetions submitted, Thes, Doth the dollar
valus of succeveful grasts and the proportice of successful grante decressed
over this period. .

. T . . . ['. -
In FY [984 the BSS Directoratd Bas begwm to rederse this tread ae the result .of
s 14X incresse in the dudgat Tor biglogy. As stated our letter to Congress
last year, this will resuit is the beginalalt of the ch-up oseded to restors
. * .

BEST COPY AvAILABLE -

Q

ERC 94 | '



1

g -

Q

Ric

Aruitoxt provided by Eic:

A Y BN SRS AR - 3
\ (M 0 $ ¥ S ,‘,‘ £ .\4‘. L -
) Cl ' R ',l..‘t.f', 3N -(fix.‘._-s,"f:"f “‘?}y‘_.k‘ 4_1;
W ! v ~ ; 'i’ﬁ‘ . U v NS : “
Q', s I N L“' F
N [y 91*' ey },". :: T‘ > v l'!
> -~ 4 'Y .c' {" LI

' )

the ability of the W8F to cerry owt its proper missiim. We poisted out laat
year that & typical 1981 grant pald, st best, for ome skilled techmiclien, a few
supplies, smd wo restorstiod or squisition of equipment. The FY 1984 incremeants
to the budget ars belng weed, wisely im owr opinion, to increass the valoe of
successful gramte. Thus, although the dollar valwe of grangs incressss by 142
in Y 1984, the susber of fumded graate incresves oegligidly from 1,491 cq 1,505
for the PCN Divisioo, an iacrease of ou!y 14 graots. The figurees epeak of the
,very lerge lofusioca of funde that would be mecessary to suppore a sigaificent
sumber af meritoriows research grente st & level sufficlest to carry out the
work proposed. : "

< . . : . 4

. . ] .
While the support for research activities at ESF is at lgast Beaded in che vight
direction, the sase cannot be said for the ng dudget. The FY 19835 pro—

posad budget contains a 3.4% incresse for Craddage Ressarch Fellowshipe
#iF-wide. Since ths stipends would incresse by 10X, this represests e decrasse
fa the number of trainees. This lack of sebstantial increase is support of gra-
duats end postgraduats training does cot sliow WSF to address the urgent nead
for qualified sclentists in seversl important areas of biology. To muse micro—
diology sn sppeopriste ssampla, the avaber of new Ph.D.s {n this field bas
resai constant at about 350 per yaar for the last 15 years. In the came time
the demgade fa areas .related to biotechnolegy have skyrocketed. A recest study

by the Natiocaal Acedemy of Sciences has shoun that over ‘s third of the ampuslly .

produced Ph.D.s in imsfusology will be employed by indwetry. This figure mepre—
seate the loweat estimate of pew jobe crasted in this field. Siailsr nuwbers
for other areas of microblolegy imdicate that the dawgad will become scoute
withia ¥ sbore time. 1m recesl yvars it has been fashiomabls to coscimde chat
_the decreased naed for acadesiic perecusel could result in an.ovécsupply of
“Ph.D.0. “Whatever the marit of this genecal patception, £t 1p certaianly off the
sark in flelds of sciesce that have sees rapid acadesic end indwerrial devdlop-
went.? This country may cmly find itself at g competitive dissdvantage .
with regard to persomnsl 18 to fill reedarch positions. Por this reasce
we urge you to coasider a subetsntisl supplement to the graduate training dudget
of the WSF. In the srea’ of microbiology s 153 snowal growth seeme called for

» over the saxt five yeass. This would result in the 1ing of the cumBer of
oew Ph.D.e in this ficld supgported by NSF. . ]

We take this opportunity to comment on the amsndsents to the National Bciencs
Foundation Act of 1950 ragarding t(he rols of the NSF in engixeering research as
proposed by the House Committee on Scisnce and Techuslogy. As microblologists
we gre invalved fn Doth basic research gnd its engineering applicatibas.
Siglogical procestas, mostly swploying micreorganisms, play a8 increasieg rold
ip food production, disposal of wsstes, ferwedtation, sud minlag of misersle, to
just 8 few srvas., Wa view with concern tha propasad changes ayss’ they
do mot take into acc~wnt the eclective pature of the interface bet basic
rescarch aad i¥s engineering epplications. As written the changes call for a
pervasive marriage of the two in all activities of WS¥. Such s anicn should mot
be fmposed acrose-the-board becsugs different areas of dasic resaarch ripen ot .

-

differsat rilys. The tiwa and satore of :w con often mot be 7
reseen. As an exampla, the development of “anginsering come du line

through a technological reute thet could not be predicted as recantly as twenty
years ago. 1t {s walikely that this davelopment would have basn fostgfM by a
congressional mandate. Thus, the merging of basic vesearch smd engissering -
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farest fialds of ecience.  Ineviteblyrdd isposed wnion will lasd.to codpetition R
e ’ for fyhds, einte w bave R0 assurisce that wooies for mew functions wili be -
T added z the WS? Dudget. Should one sctivity win, it will be st the expense of
the other, with consequances that are certain to be -’“".‘“*' Y )

k]

/

We would much prefer a coatinuacion of the prascat system which deals with spe-

cific areas of applications of scientific: findings. The ¥E? bas been responsiwe -

to the need to faster tachnology tramefer, se ecsn by the imcrease in the bdudget

for ite emgineering directorate. It bes damonstrated sensitivity and cophisti-
‘cation Ln the light of ecnucublol extdrnal pressurs for espedieat but mot cee m
“mecesserily appropriats solutioms. ' It showld be oncouraged te Combinme-along . . - .. foe”
" these limes. . . : L,

.o i . -\" ST o B
Ve sppreciate the opportuaity tg i ppr-viewsand stapd vebdy €o provide
additiocnal inferweti to"n‘épﬁn_-ﬁmou;.‘ BT _ ‘e

. P . » 1.
. Lo L
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- 'Consorrivm of Social Science Associations -
1755 Massachuserrs Avenue, NW, Suite 300, Washingion, DC. 200%6 ¢ boad 234-5703 - . .
+ Apr1l 26, 1984
Homorable Orrin G. Hatch . . o 2 ) ¢
v 35 Hussell Semate Office Bldg. : . . ) R
Washington, OC 20510 L .o RS
: U VI ‘
Dear Senator Hatch: . . : L ’

I am writing on behalf of .the socfal and behavioral bcikntists

. represestad by the Consortium of ence Assocfatfons (CDSSA)- tp dirge
the Senate Committee on Labor add rcgs to lncrcm by $5 wililen the
FY 1985 authorization for the Mstienal Science Foundation's Bfologicel smd” ' .
Behavioral Sciemces Directorate (88S). this §5 otllion incresse, $3.6.. ..
willion should be parmarked for research socfal and beMavioral sciemces . .
and $1.4 million for reséarch in {nformatf@ science. . . t

. The NSF social and bebavioral science research programs were cut sevérely .t
. fn FY 1981 and FY 1982 and are still being funded below the®™ FY 1980 level in
current dollars, In constant dollars, these programs ard over 30% lower than
they were five years ago. An incresse in the FY 1985 authorization for these

. programs will provide aeeded support for research fa such importast areas as

- the economfc {mpacts of deregulation cognition an¥*learning in sclemce and
- math, change over time in family ircowe and its effects 'on individuals and on
the fasily, the study of the'origins of human society, and communficatioss and

information techaology, s . ’

" Nithout sn fwcrease, support for the soctal and behavioral scignce
prograss at the Foundation will lire relative to other sciences. s In
FY 1984, the soclal and behavioral sciesce programs are receiving f'” of all
support for research and related activities.. In FY 1985, they wil only - .
’ receive 3.6%, . v ’

- YThe Labor and Husan Resources Cogmittee recognized the fmportance of
soctal and behavioral sclignce researck in fts report on the FY 1984
authorization for NSF when it stated: .

Evidence presented to the Commfttee, and in other forums ang:publications,
suggests that the scientific potential and economic payoff of .the social
and behavioral sciences has been underestimated in receat years,  Over the
Rext several years the Foundatide is' requested to make ‘swely effort fo
provide resources for-the soclal and behavioral science programs to enable
! them to meet thelir sclest!{fic potestial, ‘

COSSA urges the Comnittee to comtinse that recognition by increasing the
funding for social, behavioral, end information science research in FY 1985 by

. $5 gilliton.
- M‘—\__ .

Roberta Balstad Milier
Executive Director
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Mr. Chairman, the Con-ortlup of Social Science Assoclitlons

(COSSA) is pleased _to have the opportunity to submit the '

(™
following testimony on the FY 1985 suthorization for the National
Science Foundaz:?n (NSF) tot.the Committee on Labor and Human

Resources of the U.S. Senate. The cénsortiq- rnpreseuts 175, 000

.scientists across the full range qt the soclal and behavioral

. science dtaclpllnon. A 1ist of.COSSA Members, Affiliates and

Contributors is attached to this tgsti.ony,

COSSA is pleased that the bgddbs request for the Natiomal
Science Foundation includes an increase aof 13.68 for PY 1985.
Despite the ‘severe cénstr%lnts on the PY 1985 budget imposed by
the size of the feéderal d;ticit, we believe thgt it is gnportant '
to maintain the mation's investment in basic :eseprch: without
sucﬁ'continulnq_lnvestlent, the Un}ted States would become
increasingly less able to compete with other nations
economically, the guality of our‘scienco'and lnvsnt}veness of '
our technology would decline, and we would weaken the rlexlblltty
of our econowmy in tbe future. . .

Not all NSF programs share in the recent incredase in the NSF, -
budget. Members of this Sub;onnittee dolnot néed to be rewminded
of the major cuts in NSP budqets for J'L social and behavioral

scliencds in FPY 1981 and FY 1982.

.
In FY 1985, the budgets of the social and behavioral science

research programs in the Directorate Eor Blological, Behavioral,

“and Social Sciences (BBS) are scheduled for an overall’ budqet

i
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increase of 148, principally for support of the largé scale data
-

L]

bases. This is an importanty and necessary emphasig. These data

.bases have suffered from the budget cuts over the past several

years. They are ;:pensive, yet they cannot be postponed until
budgets are increased again. If a survey —- such as the National
Election Study (NES), 6} the General Social Survey (GSS) --
cannot be conducted at the required time, its scientific valup is
impaired. The F& 1985 funqinq provided for the social and
behavioral science programs in the BBS budget will relieve some
of the funding pressures on these data bases. .
Despite the proposed 10% increase in FY .1985% for tﬁe social
and behavioral sciences as a whole, they will still be funded at
a level that is 10% below their FY 1980 level -~ even without
taking inflat;on into account. If we calculate the effects of
inflatfon, the proposed level for FY 1985 is 318 lower than the

Y
FY 1980 level. The share of NSF spending devoted to the social

and behavioral science programs fell from 5.9% to 3.3% b;tueen
1980 and 1982 and will rise under the current request to only
3.6%, & drop of 40% in the share of the social and behavioral
sciences in NSF spending. Tvo'charts with these and other NSF
budget figures are attached to this testimony.

wWe face a situation in which the social and behaviorcal
sciences are now receiving budget increases that would be
adequate had outlays not heen slashed so deeply in 1381 and (982,

But those cuts did occur and should not be allowed to stand.

The consequences of these cuts are most apparent in the
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decline of single mvestiévcor projects, the seed-bed of social
science research and training. The effects of this.false éconony
are predictable and pernicious. Proposals are whittled down and
stf;tched out to spread available funding, thereby causing delays
gy research and re%yégions in training. Scientitically ambitious
investigations are jettisoned for less ambitious proiects that
can be accomplished less expensively. A strong research system
requireslnot only the development and -aintenince of good dat
bases, but also the support of established scholars and traini
tor their successors. ' The support that s provided this ;ear for
the large scale data bases is a step in the right direction. It
is equally important to increase support tor individual

invest igator projects. - i .

We roalize that Congress must scrutinize evéry appropriation
this year to see whether the nation can afford it. In answer to
that guestion, we urge ‘you to look at developments in basic
rasearch in the sociai and behavioral”sciances. This is what the
National Academy of Sciences/National Resea}ch Council did

recently. The report of that investigation, entitled

Behavioral and Social Science Research: A National Resource,
arroisl ang@ social science Rese A

describes and strongly endorses the scientific advances that’ have
taken place in the social and behavioral scienced in recent

years.
i
Another way to consider - -the question of increased support

tor social and behavioral science research at NSF is to examine
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- some of the problems we face J! a nation and the research that is
- -

conducted by social and‘behnvlqvcl‘scientists.

For example, ‘we tacé a slow-down in productivity growth.
Social and behavioral scientists conduct research on worker
productivlgy and management efficiency. Research on worker
productivity and quality control have led to effective techniques
for linking participative decision-making and the acceptagce of
innovat}pns in the vorkg}ace. ‘

We are der;gulattnq many branches of the. economy. Hundreds

"of billions of dollars of investment and tens of millions of jobs
are involved. Surely the investment of a few million dollars in
the study of the effects of this monumental social and economic
experiment is only prudent. ) . . -

Newspapers report on the lag ikwperfor-aéce of U.S. stwdents
in science and mathematics relative to students in other
countries. Can we afford to curtail social and behavioral
sglence research on memory and cognition, teaching and learning?

We face continuing problems in the courés and in the
marketplace with the issue of whether wage differences between
men and women are based on sex or on experience, skills,
performance, or other factors. Do we wish to make decisions in
these areas bereft of data and research that would enable us to
compare individuals with similar experience and kraingng and sort
out the variou; influences on income? . ’ . .

The basic research in all these and many other areas has

‘been supported by NSF in the past and we respectfully suggest
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that additional work is needed now.

He.recognize the budget problems created for the Congress by
the size of the federal deficit. However, we think that on .
poiicy grounds and on substantive grounds, the Senate,Lgbo} and
Human Reﬁources Committes shouid establish the qoa{ of rgturning
the social and behavioral science programs in the Na'tiorfal Q
Science Foundation to their PY 1980 levels in constant dollars,
We realize that this may take time, but feel strongly that the
goal must be set. :

We also ask that the Committee add $5 nillio& to the
authorization tor the Directorate for Biological, Behavioral, and -
social sciences asd®that this increase be earmarked for research.

3

in the social, beﬁaviorhl,'and information sciences. This amount
k]
would help to strengthen these prograns that have been laboring

for several years under di-inished budgets.

.
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Consonrrium of Social Science AssoCiations

¢’

. RATIONAL SCI1ENCE FOUNDATION

-
»

Funding for Selected Direceorates and Programs (in eillion §)

—_—.

Drr. for Mathewatical and
Physical Scisnces (MPS)

Uie. for Astronomic /Atsospheric
Fareh & Ocean Sciences (AAED)

fLir  for tngineertog (ENG)

Dir. for Scientific, Technological
& Internstional Affates (STIA)

Oyr. for Brological, Behavioral
b Social Sciencen (BAS)

Soctal & Behaviorsl Science
Programs in 88S

Actusl

Actual

Actual

Actual

Actual Proposed ‘Ihange Xhange

Soi {al & Behavioral Science s
Froportion of Research &
Rejated Artivities

- mam . o—

Sclen.e & trpiteering
flu atqan

104

FYS0  _FYBI_ _FYS2  _FYB) . FYS4  FYSS  FYB4-85 FYS0-85
21.0 25%6.5 2729 299.7  339.%5  416.7 416  +84
218.1 236.3 260.0 276.2 330.3 373 +43 +71
76.6 81.8 93.3 0.1 120.7 1&7.1 +22 +92
3.6 36.0  40.3 4.l 40.8 46.9 415 +28
185.7  185.6  176.0  190.2  274.8 2331 413 36
52.6 a7 n.\ 3.0 2.8 &7.2 410 -10 -
a
5.9 461 301 L7y TaT Let
— v
7.2 6.7 20 16,1 88.9  75.7 15 -2

001
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NATIORAL SCIENCE FOUNDATION {cont.)
Sociel and Behsvioral Science Ressarch Programs tn BBS (im nfllion $):

Actual  Actual  Actusl  Actusl  Actual Preposed Change 2Change
FY84-85 FY80-8%

. . FYS0 FYS) ¥Y82 FY83 FY84 FY8S
Divieion of Behsvioral and Feural Sciinces (sglected programs)

Reurascience
. Paychobfology 4.5 4.3 3.4 3.7 4.2 4.4
Cognicive Sciemnce . ‘
Memory & Cognicive Proc. 2.6 2.4 2.2 2.} 2.4 2.8
Social & Dev. Psychology 3.3 2.6 1.5 2.1 2.6 2.7

(Applied Paychology -

absorbed elsewvhere) ) 1.4 1.1 -- - * e -
Linguistics 2.7 2.2 2.1 2.2 2.4 2.5
Anthrepology & é 8.0 5.5 5.8 6.4 6.8
Subtotal 21.1 18.6 14.7 16.1  18.2 7 9.2

Divisfon of Socfal & Ecomomic Seience

Ecoporics & Geography
Ecomomics 12,2 9.4 6.3 7.8 9.4 10.2%
Geagraphy 1.6 1.2 0.7 0.8 1.0 1.3

Soctal Measyresengds Analvsis : :

Sactclogy 3.9 3.0 2.2? L Tea 2.95 3.6%
Meas, Neth./Dats Resources 5.0 3.9 3.9 1.5 .6 3.4
History/Philosophy of Science 1.5 i.1 0.9 1.1 £.3% 1.6

Political & Policy Sciences
Pilitical Szience 1.6 2.9 2.1 2.1 2.8 3.6
Law & Social Sciences 0.9 0.9 1.1e 1.2 1.6 1.7
Regularton & Policy Anslvsis 2.6 2.7 0.9 0.9 1.1 1.3
Duyion & Mansgement Sci. (O)J 0.8 1.0 i.2

Subtotal 31,3 25.1 7.6 9.9 4.6 28.0
TOTAL-Social & Behavioral
Sctence Research Programs, 52.4 - 3.7 3.3 6.0 2.8 6),2

*in FY 1961, this progtam was corbined with the Law and Poli..
Applied Resewrch.

115

+5

+8
+4

+4

+6
+5

+10

Program of ‘the Difstan ot

-7
+3
-9

-16
-19

-2
+7

+89
-50
K/A
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Consortium of Social Science ‘Associations
. . ) ' . -
Nembers
Aserican Anthropological Association
American Ecosomic Assoctation ° |
American Historical Assoctation
American Political Sctemce Assocfation
. . Averican Psychological Association <
Merican Sociological Associatfon )
: American Statistfcal Assocfatfon A
Association of American Geographers . -
Association of American Law Schools
' . Linguistic Society of America
. .
T ' Affilfates. . Contributors
L3
Mvericas Associatfoa for Public University of California, Berkeley . .,
Opinion Résearch University of Californta, Los Angeles
American Educatione! Research Center for Advinced Study in the
Association . Behavioral Sciemces
* Amervican Society of Criminology : Ceriter for Internatiomal Studies,
Association fer Asian Studies ° Duke Unfversity
‘tastern Sociological Society University of Coloradq
Economic History Association Columbia University *
Evalyation Network ] Cornell Institute for Social o
Evaluation Research Society Economic Research
History of Sciesce Soctiety Cornell University
International Cosmynication Georgia Institute of Techmology.
Associfation Harvafd Unfversity
International Studies Association Untversity of Illtnois
Law and Society Assoctation . Indiana tmiversity
Mational Council oa Family Institute-for Social Research,
Relations . University of Nichigan
North Central Sociological University of Iowa
Association ', " The Jobkas Hopkins tniversity
Wrtheastera Anthropological University of Michigan
Assocfation’ ‘ ‘University of Nissourt
Population Assoctation of America . Untversity of Rebraska
Regtional Science Association New York Umiversity
Rural Socfelogical Soctiety _ Ohio State Umtversity
Socfal Sctence History .University of
Assoctatfon Untversity of Pennsylvania
Socfety for American Archacology miversity of Pittsburgh
Society for the History of Princeton University '
Technology Soctal Sciemce Research Council
Socfety for Research in Child Universigy of Southern California
Developsent Stanford University
Soctety for the Scientific Study State Unfversity of hew York at
of Religfom Stony Brook
Society for Social Studfes Texas A & N Unfversity
of Science Tulane Untversity
Southwestern Spcial Sciegce - Uniyersity of Washington
Assoc tation - C Pt mi;g!sity of Misconsia, Nilwaukee
<

BEST COPY AVAILABLE

L] ~




103

Senator PrLL. Thank you very-much. As the chairman hfs éaid.
the record will be kept open for any questions from members who
are unable to be here, On behalf of the chairman, I thank all four

of you for being with us this morning, and the meeting is herewith
adjourned.

[Whereupon, at 11:40 a.m., the committee recessed, to reconverne
- at the call of the-Chair.] ’
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